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PREFACE. 

In this edition much new matter has either been added to, or substituted 
for, the older text. 

The newer types of instruments for spectroscopy, the identification of 
alcohols, the ‘detection of cocoanut oil in butter, and the bacteriological 
and chemical examination of water, have in particular received special 
attention. 

The Authors believe the whole work is now a reliable and useful hand- 
book for analysts practically engaged in the examination of foods. 

A. WYKTER BLYTH. 

MEREDITH WYNTEK BLYTH. 


IjONDgm, 1909. 
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HISTORY OF ADULTERATION. 





FOODS: THEIR COMPOSITION AND 
ANALYSIS. 


PART I.-HI8TORY OF ADULTERATION. 


L— EARLY NOTICES OF ADULTERATION, 
ESPECIALLY IN ENGLAND. 

§ h Befobe adulteration commences, commerce must develop. In prir 
tive states of society,^ there may be knavish tricks, ignorant barterii 
substitutions of bad for good, falseness and meanness of all kinds, b 
no G^atematic sophistication is possible. Again, in the semi-pastoral state 
(as it existed in some parts of Scotland a century agp), in which the food 
of a family is raised from the soil on which they dwell, and clothing piro* 
duoed from their own sheep and spun into textile garments at their own 
fireside, commercial frauds are unknown or undeveloped. ' ^ 

There are several notices of ancient sophistications practised by the 
JGreek and Roman traders ; but it .is from the Middle Ages that the moet.: 
ledpious and interesting matemls for a history of adulteration are obtained - 
^a page of history but little explored, yet abounding with ourions laeth ' 
thore or less illustrative of the manners of the times. 

The mixing, or, rather, alloying of gold or silver with the baser, 
metids may be justly considered of the nature of adulteration, and has 
prevailed contemporaneously with the art of coinage. The well-worn tale 
ii the detection of the base mOtal in the crown of Hiero by ArchimediM, 
dume two and a half oentnries fiefore Christ, may be accepted as probably 
'the earliest scientific detection "of adulteration. The process used bytb^ : 
.philoraher of Syracuse, when disebarging the duties of a pvhUc 
Sisr the speoifio graTity, is quantitative as well as qualitatiLte;^ 

I begjn low. Astronoimy began as astrology, and when tiade 



m wen. even more triokexy about it than there » now. Conosivt « Wrt j jii i; 
k nubiadie tribes engaged in perpetual warfare. It ia a- commeiee ef klllbjigL 
dwAns the richer e(m as largw ^oaseaaions of another, the method 
'that other; but at last there rises a tribe too weak or'too/.pesoefhl.^ 
j and-it pielsrs to ^rter, it challenges its ndghbouis to a oonm hf ‘ " 
grt ^ advantage of each other in bargains, they hagg^ and cheat ; 

^ outitiaibe ilbe^hning of eommeroe and peaoe.*'->*2%monelopy, by 
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an(i though purely physical, is used daily by all engaged in^ practical 
chemistry. '(< * 

‘'Vitruvius,^ in his work on architecture, describes the adulteration of 
minium with lime. He also gives a simple process for its detection : heat 
to redness on a shoot of iron; if pure, it will blacken, but on cooling 
return to its former hue. 

Dioscorides alludes to the adulteration of opium with gum and with 
the milky juice of glaucium and lactuea. The test for distinguishing the 
pure from the false was primitive : the opium was to be burnt ; if pure, 
the flame was clear and brilliant, but the adulterated burnt with difficulty. 
The quality of the opium was also to be judged by its behaviour when 
exposed to the rays of the sun ; when opium of good quality liquefies, it 
looks as if it h^ just come from the plant.^ He also specifies the 
adulterations of several drugs ; as, for example, the mixing of styrax rosin 
with styrax sjiwdust. 

Pliny, among other matters, alludes to the frauds practised by bakers; 
for they added to the bread a white earth, soft to the touch and sweet 
to the taste, which was obtained from a hill called * Laucogect* situated 
between Pozzuoli and Naples. It has been suggested that the white earth 
was carbonate of magnesia ; this is doubtful.** 

He also speaks of the adulteration of aenigo (under which name was 
confounded both the acetate and sulphate of copper) with shoemakers' 
black atramenta mtorium^ and gives a true chemical method for its dis- 
covery. Paper is to be soaked in the juice of galls ; if the aerugo is pure, 
it will not turn the paper black. Another method was to put the sub- 
stance on a sheet of red-hot iron ; if sulphate of iron had been added, it 
became covered with si)ots.^ 

The adulteration of wine in Athens necessitated the appointment of a 
roeoial inspector, whose duty it was to detect and stop these practices 
Greek history has handed down the name of one GantharSy who excelled in 
ingenious mixtures, and knew how to impart the flavours of age and 
maturity to new wines. His ingenuity was such that it was commemorated 
in the proverb, “ Artificial as Canthare.” 

In Home, also, wine was much tampered with ; even the rich, according 
to Pliny, could not obtain the natural wines of Falemo, for they were 
adulterated in the cellars ; and certain wines from Gaul had an artificial 
colour given to them by means of aloes and other drugs.^ 

§ 2. In our own country, and in Europe generally, from the eleventh 
century onwards, the bakers, the brewers, the ‘pepperers,' and , the 
vintners, were most frequently accused of corrupt practicea We must 
not, however, judge too harshly -of the tradespeople of that epochs 
morality was generally tow, ahd adulteration an innocent pastime 
compared with the freq\;iency and magDitude of midday highroad robh^ 
and midnight violenoo. ' ' : 

In the latter part of the twelfth centu^^ that which would 
Called crime became the favourite amusement of the principal ci^e^ 
“who would sally forth by night, in bands of a. hundred cur more, 
attack upon the houses of their neighbours. They killed without 
every man who came in their way, and vied with each other in brutali^v 
4 . , False weights, false measiires, false protenc^ of all kinds were tba 
instrumeilts of commerce most generally in No buyer would 'triw 

1 Vitmvlua, i. ix. c. 13, ’ * f^ioseorides, iv. 65 ; Pliny, xx. 76. 

» Pliny, xviii. 20. * P9«»y, xxav. ^ 
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lie word of a seller, and^tliore^waa hardly auy^clasa in which a man n^tght 
lot with reasmi suspect that iiis j^ghj^ur intended to rob or eveif to 
nnrder him.”^ 

Assizes of Bubad-^Baebbs. 

• 

§ 3. The sale of bread was regulated in England as early os the fourth 
year of the reign of John, by wTiat was called the ‘ Assize of Bread,* the 
original object of whicli was to regulate the price of bread by limiting the 
profit of the baker on each quarter of wheat, so that the price of the loaf 
should bear a certain proportion to the [)rice of the quarter of wheat. The 
assize of John’s reign continued in force until 1286, when it was repealed 
by * The Statute of Aeme.^ 

Ther^ were various modifications of these assizes, and they W'ere finally 
abolished in 1815. The ‘Assize of Bread’ in its influence was probably 
the exact reverse of what was intended. On the one hand, the develop- 
ment of trade was restricted injudiciously, and, on the other, the bakers 
often sufterod unjustly, and, therefore, had a direct inducement to recover 
their losses by nefarious practices. Although, at the institution of the 
assize, adulteration with foreign substances was not the main object of the 
regulations, yet, as time went on, and the sins of the bakers, both male 
and female,^ accumulated, clauses with regard to the adulteration of bread 
were inserted, and the later ones may be considered collectively as the 
ancient English ‘ Sale of Food Act,* The assize of 1682 ® contained the 
following : — “ If there be any that by false meanes useth to sell meale : 
for the first time ho shall bo grievously punished, the second tyine he 
shall lose his meale : the III tyme he shall foreswore the towne, and so 
•likewyie the bakers that ofiende. Also, bouchers that sell mescll porke or 
mozen fiesche : for the first time they shall be grievofi^y amerced, for the 
second tyme so oflendinge they shall have the judgement of the pillory, for 
the third tyme they shall be comytted to pryson until ransomed and the 
fourth tyme they shall forswere the towne, and thus ought other trans- 
gressors to be punished, as cooks, forestallers, regrators of the markets 
when the cookes serve, roste, bake, or any otherwyse dresse, fysche or 
flesche unwholesome for man’s body.” 

The assize of 1634 had some stringent regulations with regard to 
musty meal : — “ If there be any manner of person or persons, which 
shall by any false wayes or meanes, sell any meale unto the kinge’s sulgedts, 
either by mixing itj deceitfully or [sell any] musty or corrupted meal, 
which may be to the hurte and infection of man’s body, or use any false 
weighty or .any deceitful whyee meanes, and so deceive the subject, for 
offence he shall be grievously punished, the second he shall lose 
hie third offence he shall suffer the judgement of the pUloiyy 

the fourth time he sljfdl forswere to® towne wherein ho dwelleth.” . 
p ' IT^Ise extracts give some idea of tffe punishments inflicted on dishoneet 
<biring the Middle Ages in England. First offences were ofteii 
by cordial chastisement and exposure iu the pillory (generally 
tope aaid a Ic^ round the neck) ; fourth, and even third, oonvictidiA 

^ 'jL Sitiory qf OrinUt by Luke Owen Pike. ' •. 

' * The baken, aa well aa the brewers, were of both sexes. 

title rons: ** Here b^nneth the boke named the assyse of bread, what flf 
weye, after tlie pryoe m a quarter of wheat, also the assise of ale, wiOi' eH 
of wm and ooiei udli, bdside, and lumber, and the weight of butter and ohetolt 
Wyatt. 1532.” . ^^4 
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tsrere oonfidered so heinous "'that it was thought better to cast the man 
forth from the city to earn his livelihoo^^elsiJwhore. 

Jn the curious pa|^r entitled “A Quip for an Upstart Courtier,”' there 
is a powerful and quaint expostulation with the different traders : — ‘‘And 
for you goodman baker, you that love to be seen in the open market-place 
upon the pillory, the world cries out on your wiliness : you crave but one 
deere yeare to make your daughter a gentlewoman. You buy your come 
at the best hand, and yet wdll not be content to make your bread weigh 
by many ounces. You put in yeaste and salt to make it hcavie : and yei 
all your policie cannot make it. The poore crie out^ the riche find fault 
and the lord maior and tlie sheriffs, like honourable and worshipfu 
maiestrates, every daie walk abroad and weigh your bread, and yet aL 
will not serve to make you honest men. But were extremities used and 
the statutes put in the highest degree^ in practice, you would have as few 
eores on your heado as the collyer.”^ 

The manner of adulteration seems to have varied.® Sometimes the 
bread was made altogether of ‘putrid and rotten materials,’ sometimes it 
was good outside and bad within, and as for, the addition of alum or 
mineral matters, such was only detected when in considerable quantity 
and coarsely done. The more artful mixtures required for their detection 
the ai)plicatioii of a chemical science not then possessed. The following 
may serve as examples of a few of the earlier instances : — 

One “ Alan do Lyndseye, baker, was sentenced to the pillory because 
he had been convicted of baking pain demayn that w^as found to bo of bad 
dough within and good dough without, and because suclx falsity redounds 
much to the deception of the people who buy such bread.” 

The same baker seems a few days afterwards to have been again in 
trouble, for “Alan de Lyndseye, baker, and Thos. de Patimere, ‘'oakcr, 
were taken and brought before the Mayor and Aldermeu, and sentenced 
to the pillory for selling bread made of false, putrid, and rotten materials, 
through which who bought bread were deceived, and might bo killed.”* 

A similar fraud is recorded at perhaps an earlier date (a.d. 1311), for 
“ the bread taken from William de oomersote, baker, on the Thursday next 
before the Feast of St. Lawrence (.Aug. 10) in the 0th year of the reign 
of Ring Edward II. was examined and adjudged upon. . . . Because it 
was found that such bread was putrid and altogether rotten, and made oi 
putrid wheat, so that persons eating that bre^ would be poisoned aUd; 
. choked, the Slieriff was ordered to take him and have him here on Fnday 
next after the Feast of St. Lawrence, then to receive judgment for the 
same.”® /'''t,;, 

Mr. Pike, in his History of Cnms^^ speaks of loaves being 
in the Middle Ages by lumps of iron, probably referring to 
case : — “ On Wednesday next after the Feast of St. Matthew thq Apo^' 

/ * The “ Quip for an Upstart Courtier ” was writtoa in ^92, The origiaaliajil hhwi: 
Jetter. 

^ The sanitaiv state of the bakehouses in the fifteenth and sixteenth oenturiiieiMi 
a nde, bad. According to Mr. Pike, they appear to have been the. favomite retepjto^ 
far dead bodies after a murder had bwn committed. A Eiatory of Vrime*. !bv%tlhir. 
.Qw«n Pik., M.A., Vol. I. p. 256. ‘' ' 71; 

* In the reign of Edwam I. it was enacted at one of the ‘Hallmots/th^h^tB^ 
fAnnlld be ooatM with bran, or so as to be found worse when broken than it wtk etti w 
OQtside. ^ 

>. tflmdon, by H. T. ppl 120, 121. 

* Vol. I. p. 



(lllilt of Sept, A,D. 1317), llith year,^Kohard Porter, aernuyC '^^ 

4^pba Gibbe, baker, of Stratforde, wa^brougbt here before Nicholas Kxt0ne«, 
Mayor of the said city, John HaiSfe, and other Aldermen, and qucBtiooed 
for that when the same Mayor on that day went into ohepo to make assay 
there of bread, according to the custom of the city, he, the said Hbbort, 
knowing thqji the bread of his master in a cejtain cart there was not of full 
weight, took a penny loaf, and in it falsely and fraudulently inserted a 
piece of iron weighing about 6s. 8d. (4 oz.), with intent to make the said 
loaf weigh more. ... He was sentenced to the pillory with the loaf and 
iron round Ins neck, and the cause of the punishment was proclaimed 
^^y thj Sheriffs. But the placing of a mass of metal in a lonf under the 
bircumstoncos roconled is somewhat different from adulteration, for the 
man slipped in the iron to avoid a conviction for false weights. 


Brewers and Vintners. 

§ 4. Beer, — ^Thc fraudulent practices of the early brewers are thus 
detailed in the Black-lettor Tract before mentioned : — “ And you, maister 
brewer, tliat growe to be worth forty thousand pounds by selling of soden 
water, what subtilty have you in making your beero to spare the malt, and 
put in the more of the hoppe, to make your drinko, be barley never so 
cheape, not a whit the stronger, and yet never sell a whit the more measure - 
for money. You can when you have taken all the harte of the malt away, 
then clapo on store of water, ’tis cheapo enough ! and mashe out a turning 
of small beere, like rennish wine ; in your conscience how many barrel 
draw you out of a quarter of malt 1 Fie ! fie ! 1 conceal your falsehood, 
least should he too broad in setting down your faults.” Not only the, 
brewer but the retailer of the beer was also condemned. 

** Last to you, Tom Tapster, that take your smaA Cannes of beere, if 
you see your guests begin to be drunke, halfe smal and halfe stronge ; you 
cannot be content to pinch with your small pottes and your ostrie faggota,', 
but have your drugges and draw men on to villany and to bring oustomen 
to your house, where you sell a joint of meat for xii. pence that cost you 
scarce six, and if any chance to go on the skore, you skore him when be ia , 
asleep and set up a pot a day more than he hath, to find you drinking pots 
with your companions. To bo short, thou art a knave 1 ” 

As early as the reign of Edward the Confessor, we find it recorded la. 
Domesday Boo); that in the city of Chester a knavish brewer, **malam. 
peremiam fadenSf in cathedra pon^atur 8ferco?’tf ”-~in other words, the - 
x^epdin^ was taken round tlie.. town in the cart in which the refuse of tbe 
pbwe had been collected, i^i^to 'this degradation was often added oozpond ..'; 
*ehaatisement 

In many towns in the sixteenth century we find * ale tasters,* whose 
duty it was to inspect the beer. J 

In 1529, for example, the Mayor of Guildford ordered that the brew^^l 
make a go^ useful ale> and that they sell none until it bo tasted by 1^^ 
''fpds^taster.* These officials had to take the following oath;— “Yon 
CAmsOl ale-tasteis of this town. You shall well and truly serve his Majee^^ 
ihis town in the same office. You shall at all times try, tssto^ 
’Sjas^ the beer and ede to .be put to sale in this liberty, whether the 
i|||^jr^lasome for inan*B mj, and presjent those that offend, or 

' ^ Mmctiali iif Xmdon, o. 498. 
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su&r yoif to assay it. Ymf shall give yout attoh9anco at all courts, and 
present from time to time the offondtfir^ and all things else belonging tc 
yoijr office you shall do and execute. ^ So help you God.” The ale wat 
not only tasted, but some of it was spilt on a wocden sent, and on the wel 
place Ihe taster sat, attired in leathern breeches, then common enough, li 
sugar had been added to the, beer, the taster became so adherent thal 
rising was difficult ; but if sugar had not been added, it was then considered 
that the dried extract had no adhesive property. A less coarse, but not 
dissimilar, method was also applied by the earlier Inspectors to test the 
purity of milk. 

§6. Wt7ie.—The frauds of the vintners or wine-sollers attracted some 
share of public attention in the sixteenth and seventeenth centuries, as 
shown by municipal records, fugitive tracts, and broadsides. In August 
1663 a certain PauI Barnardo brought into the j)ort of London some wine, 
and there is oxt-ant an order in council directing the Lord Mayor to find 
five or six vintners to rack and draw off the said pipes of wine into another 
vessel, and to certify what drugs or ingredients they found in the said wine 
or cask to sophisticate the same.^ At a later date the records of tlic Common 
Council contain a certificate from the Lord Mayor to the Ijords of the Council, 
stating that the wines of a certain * JHcr Van Payne ’ had been drawn off 
in his presence, and that in eight of the pipes had been found bundles of 
weeds, in four others some quantities of sulphur, in another a piece of 
match, and in all of them a kind of gravel mixture sticking to the casks ; 
that they were conceived to be unwholesome and of a nature similar to 
others formerly condemned and destroyed . 2 In The Search after Claret ^ 
by Bichard Ames, a thin quarto, the last leaf is occupied by the following 
advertisement; — “If any vintner, wine-cooper, etc., between Whitechapel 
and Westminster Abbey, have some tuns or hogsheads of old rioii un- 
adulterated claret, and will sell it as the law directs for sixpence a quart, 
tbis is to give notice that he shall have more customers than half his pro- 
and his house be as full from morning to night as a conventicle or 
Irotminster Hall the first day of term.”® 

Later, the vintners became more scientific in their operations. Addison 
(in the Taf/er, No. 131, 1710) alluded to a certain fraternity of chemical 
operators who wrought underground in holes, caverns, and dark retirements 
to conceal their mysteries from the eyes and observations of mankind. 
“ These subtle philosophers are daily employed in the transmutation of 
liquors, and by the power of magical drugs and incantations raise under 
tl^ streets of Loudon the choicest products of the hills, and valleys of 
France ; they squeeze Bordeaux out of the sloe, and draw Champagne ffom 
an apple,” 


Spicods— Drugs. 

, 3 6 . The London pepperers, or spicers, formed a ^parate guild, were 
under special ordinances. The oidinance, A.D* 1316, in Nommn-Ftenoh,, 
hu the following regulations : — “ No one of the trade or other person m 
his name for liim, shall mix any manner of wares, that is to say, shall put 
old things with new, or new things with old, by reason whereof ,^ good 

* R/imtwbtancuit vii. 92. 

® Rmeinbrancia, viii., 12th July 1035. 

• “The SeuBoh after Claret, or a Viaitatian of the Viutnew.” A poeni'’in'3^ 
CSiatoa 3ecoud ed., London, 1697, 4to. 
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lihing may be impaireiFby the old, nor yet tiings of one price,*br of one- 
,8ort, with other things of anothet^ort ; also, that no man shall dubany 
manner of wares, that is to say, ^ putting in a thing that was in another 
bale, and then dressing the. l)ale up -again in another manner thw the 
former in which it was first bought, so as to make the ends of the bale 
contain bet^r things than the remainder within the bale, by reason 
whereof the buyer may be deceived, and so lose his goods. Also that no 
man shall moisten any manner of merchandise, such as saffron, alum, girtger, 
cloves, and such manner of things as may admit of being moistened ; that 
is to say, by steeping the ginger, or turning the saffron out of the sack 
and then anointing it, or l)athing it in water; by reason whereof any 
manner of weight may, or any deterioration, arise to the merchandise.^ 

In England the trades of the druggist and the grocer were combined. 
Drugs atfid groceries were sold in the same shop, and they were under the 
same regulations until 1617, when the apothecaries separated themselves , 
from the grocers. Very soon after they had become a distinct body they 
began to complain of the frauds and artifices of the grocers, from whom 
they continued to be supplied with many drugs, and therefore established 
a dispensary for the purpose of compounding the more important prepara- 
tions thoinselves. In 1540 the physicians were empowered to search, vidw,. 
and see tlic apothecary wares and stuffs, and to destroy such as they found 
unfit for use. In 1553 very extensive powers were conferred on the 
College of Physicians for this purpose. “ The four censors, or any three of 
them, sliall have authority to examine, survey or govern, correct and 
punish all and singular physicians and practisers in the faculty of physic^ 
apothecaries, druggists, distillers, and sellers of waters and oils, and preparers 
of obomical medicines, according to the nature of his or their offences.” 
The geeat power of the censors was on more than one occasion abused. In, 
1724, for example, they burnt the drugs of one * Goo^witiy the drugs npt 
having been examined, and the history of the whole affair showing that 
the act was merely a gratification of private spite. Goodwin petitioned 
Parliament, and ultimately, it is said, obtained £600 compensation. 

The College of Physicians compiled the first PliarmacopcdOy and 
published it in 1613. Subsequent editions bear the dates of 1621, 1632, 
1650, etc. As may be expected, the early editions contain lists of very 
absurd and superstitious remedies, and have no pretensions to a scieutiiic 
character.* 


II.~ADULTER^TION IN FRANCE. 

§ 7, In France, from very early times, the general supervision of pro- 
vHons, as to purity and quality, and the inspection of weights and 
.^zneasures, were under the * police des eonimmairee,^ various special 
Statutes were enacted from time to time. Thus an ancient statute (1292) 
^ the Paris brewers forbade the adulteration of beer; “whoever put into.. 

^ IUloy*s MemorUds of London, p. 120. 

* See tiietorieal Sketch of flu History of Pharmacy, by Jacob Bell. London, 18ftL 

’ “ La police dc8 oommisaa^ , , » , il est de leure mine defairepunir le dibU4e$, 
m§rea alteree, falsifiez, Ue fd-ax poids et lea faux me8ur«8.*'~~Trait4 da'tcB: 
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b«er bayef pimento or ‘poii^'reeine’ was td^be fiflsd 20 ftanos, and ^ 
broBtins wore to be confiscated, for sucj^ things are neither good nor lojal 
to put in beer, for they are bad for fcie head and for the body, for the 
healthy and the sick.” A later statute, dated March 16, 1630, among 
various sanitary provisions, forbade the use of buckwheat, “yvtoye or 
other bad matters under a pe 2 ,mlty of 40 Parisian pounds.” Judges were 
also to examine the materials before use, in order to see that there was 
nothing in them impure, heated, mouldy or spoiled. If such were found, 
the materials were to be cast into the river.i 

§ 8. Fluur and Bread , — There were various special regulations as to 
flour and bread ; by an Ordonnaim of the Provost of Paris, October 11, 
1382, the miller was to grind the com without mixing it, to increase his 
-fee, with bran, pease, beans, or an 3 rthing else save that which had been 
given him to grind.^ Later, by a decree dated July 13, 1420, the^ bakers 
v^ere forbidden to be millers, it being thought that if they ground the 
wheat as well as made it into bread, there would be facilities for fraudulent 
dealing. The punishment of bakers for false bread — whether the falseness 
were admixture of foreign substances, the use of damaged flour, or simply 
light weight—was very similar to that of English bakers, except that it 
partook more of the character of a religious penance. Thus, in 1525, a 
baker convicted of ‘ false broad ^ was condemned by the court to be taken 
from the Chatelot prison to the cross before the ‘ Eglise des Cannes,’ and 
thence to the gate of Notre Dame and to other public places in Paris, in 
his shirt, having the head and feet bare, with small loaves hung from his 
neck, and holding a large wax caudle lighted, and in each of the places 
enumerated he was to make * amende honorahlCt and ask mercy and pardon 
of Ood, the king, and of justice for his fault.® False weights were also 
often punished by corporal punishment. In 1491 the case of three bakers 
ill recorded, who, having been convicted of selling loaves * too small,’ were 
• stripped and beaten with rods through the streets of Paris, and were ad- 
monished for the future to sell the three kinds of bread ordered by the law, 
of the weight and quality they ought to be.* In still later times, we find 
the practice of the-^ courts remarkably severe. In 1699 a baker named 
Pasquier was convicted of converting into broad bad and unwholesome 
flour. Sacks filled with good flour and others filled with bad had been 
found on his premises, and it was affirmed that he had mixed the two 
together. He was fined 500 livres, his oven demolished, and his shop 
(dosed for six months, with a placard upon it stating the crime and the 
punishment.^ 

- § 9. TTiwe,— -A curious decree of the provost of Paris, in 1371, oompellfd 
the tavern-keepers to permit any one who purchased wine, whether 'th iei; 
drunk on the premises or taken away, himself to see the wine drawn) 

/ **La polk$ des wniwismires vlsitoieist leg Martih^ e( ii estoU de Uura odMis ^ 
■ fneweer Vabofndance des vivres et des aubres provisions ndee^res a la siibsitlance M 
' (jttolfcM, tie empechoiCfU qu^U ne s'y eommist ^ en la g»aliU an aa pHat^ 

uU au voids on en la mesure, ils estoieiU priw^piieniea^diargis de se donner Um Us 
Mint a Figard des grains^ dn ^in, de la viande, d du via." oit. 

. * ** One ml meusnier ne soit si osi ne si hardy sur qUanque il se pent mefaire imvrr 
' li roy, en corps^ et en de niesler, mettre an fair mettre en mtcune Tnaniin esfvrieud 
" des hUt qu'iU maudroni avvnne mixtion on meaUe^ pow .rendre pins grands 'meuturs^ 
jeammsdi bran, (Forge, de pois, de fives, on auires theses qddeonques, qui ns seU 
■ffiei Unr sera baiUif*r-Tradi de la Polies, t y. liv. v. titw ix. , ^ 

.TraiUdS la Police, tome ii, livre v. titre xfl* ^ 

* dt,, tome ii, Uvre v. titre xil 
4- 6^. eit,, t i livte iv. titre iv„ p, 170. 
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.th€0^^. Thtf penalty ’VaB^ior negieoii or aiMbedience to this^w, foffiP . 
•Parieiau pounds, one-fourth of •whio^wont to any informer. • • 

An Ordonnance of January 30, 1830, forbade the mixing of two wmea . 
together; no wine-seller was to give a false name to a wine, or to ^ive a 
wrong description of its age ; the penalty was confiscation of the wme and 
a fine. Sinrflar edicts were promulgated in® 1415, 163 j, and 167-. Still 
the evil did not diminish, and in 1708 two hundred inspectors of wme and 


drinks were appointed in Paris. 

The ‘Baillio* of Bergheim, in 1718, had condemned to a months 
imprisonment one Andr^, who had falsified his wine with some poisonous 
plant (probably belladona), and his wife, who had sold the wme, to a 
month’s imprisonment, and a fine of 130 livres. This wme caused the 
death of one person, and the illness of several who had partaken of it. 
The sentence having been annulled on the appeal of the condemned 
Superior Council of Alsace, Andre and his wife were ultimately o^er^ to 
be led by two sergeants for one day through the streets of Bergheim, 
carrying placards both before and behind, with ^frelatcurs printed 

thereon. They had also to pay 30 livres fine, ^^pourfatre prur 
le repos de Vdme du and the fine of 130 livres, pronounced by t^ 

first judge. The council promulgated a very severe decree dirootea 

ngainst such practices. t j- ^ 

It was also forbidden to adulterate wine with litharge, Indian wood, 
singlass, ^raisin de or other drugs, or mixtures caj^W® ^ mjunng 
he health of those who drank the wine, under a penalty of 500 livres and 
jorporal punishment. Kveii the possession of matters likely to be used 
:or adulteration was an offence. So late as 1710, one Denys Porcher and 
lis wife were convicted of conveying barrels of ‘ vin de raisin de wm into 
Paris? They were fined 30 livres, the four barrels of wine were spilt on 
ihe pavement, and the sentence placarded in Paryi and' various place* 


§ 10. ifwffer.— An Ordovnance^ of the provost of Paris, dated 
November 25, 1396, forbade the colouring of butter with ‘saucy flowers, 
>ther flowers, herbs, or drugs. Old butter, likewise, was not to be mtted 
new, but the sale was to bo separate, under penalty of oonfiscatiCic 

ltnd fine. . * ^ 

The ancient laws of the merchant butter-sellers and fruiterers, oonfiimw 
in 1412, reiterated the above, and also forbade the sale of butter in m 
BftiYifl shop in which fish was sold. The retail or sale of butter by spiow 
chandlers, apothecaries, and generally by all carrying on offensive trades 
itcus ma dft illegah A subse(iuent enactment in 1519 confirmed this law, 

. jll. Drngs, drug-eellers were also under regulation, and withwi 
doubt their practices, with regard to sophistication, were quite on a par witl 
^pse of otor trades* Oargantua in Paris is mode to visit the ehm Q 
draggists, herbalists, and apothecaries, where he “diligently co^dere* 
the firaits, roots, leaves,' gums, seeds, the grease and ointment ot soi^ 
foreign parts, as also how they did adulterate them— ♦,e., all the 

itougs,”* * - ‘ j 

In the Middle Ages the French apothecaries were at first oonfouwM, 
amalgamated, as in Kngland, with the merchant spicers ; but in ITTv 
two trades werc septuated, and they formed a definite body, lU 
century the sho^ were little more than open booths, as 


^ Tr^ de la Polict, tomo i. Utto iv. titif » 
* JkSSait, oxxiv. p. 83. 
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seen from^a miniature in ‘le Regime den Ptince^ a manuscript of th( 
fifteenth century, preserved in the Ars%^g:l Library, Paris. 

Philip VI., tiB early as 1336, issued a regulation by which no one coulc 
be an apothecary unless he was a bom or naturalised Frenchman, and i 
good Catholic. According to the law, neither the spicers nor th( 
apothecaries were permitted rto employ in the preparation of thei 
medicines, drugs, confections, conserves, oils, or syrups, any sophisticatec 
or exhausted or corrupted drugs, under penalty of a line of fifty livres, an( 
the seizure and burning of the merchandise thus adulterated in front of 
the dwelling in wdiich it had been found. 

Charles VIII. released the apothecaries from some of the strict regula- 
tions of earlier times, and both he and his successors were the authors of 
many edicts relative to the apothecaries and spicers j besides wliich these 
trades were regulated by local enactments in different towns. 

§ 12. Gonsmls de S(dtdnitk — In 1802 tlie * Con ml de Saluhrii/d was 
ostablisbcd in Paris. It originally consisted of only four members, and 
took cognisance of adulteration, epizootics, unhealthy trades, and a little 
later of the administration of prisons and public charities. Afterwards the 
Gonaeil had the direction, generally speaking, of public hygiene. 

The Gonseil de Saluhrife of the Seine in its later (lcvelo])mcnt was com- 
posed of fifteen titular and six supplementary members, including also 
jeveral honorary members, with otbci's, who, by virtue of their office, wore 
nembers of the committee. These were, the Dean, the Professors of 
Hygiene, of Jjcgal Medicine, and of the Faculty of Medicine, a Member of 
the ‘ Gonseil de SanU dea Armees^^ the Director of the School of Pharnmey, 
the General Secretary of the Prefecture of Police, the Inspector-General of 
the bri<igcs and causeways, besides engincci's, architects, and the chiefs of 
the police departments. Most of the provinces followed the example the 
samtali and established * Gonseils de Salulrritk' All these boards, whether 
or Parisian, had one essential feature in common — viz., that the 
veterinary, and chemical professions were always represented on 
Whatever expert a town possessed would probably have a voice, 
find a seat in the ‘ Gomcil de Saluhrite.’ F rom these health boards, 
or committees, very excellent reports have emanated, and they conti;iue at 
the present time to do useful work. 


III.-ADULTERATION IN GERMANY, 

. § 13. If we turn to the records of Germany, we find that all those who 
adulterated foods or drinks in the Middle Ages were punished severely, with 
pewful and dishonouring penalties, such as public exposure of the fraud 
and whipping at the gate. The earliest re^atiems ^ related more to the 
goodness of the work and the general quality of the goods produced than 
to adulteration. Every considerable trade was a little corporation, and 
bad workmanship or falsity in the goods offered was an offence against 
the guild itself ; the memto was consequently expelled or punish^ ^ 

^ A small work, Der Kampf gegm die LebenmUUff&lachung wn, Avsgemg iesUi^ 
aUwa sum Ewdedea 28. JahrhmdertSf by L. Was8ei‘mani4V Mafiiz, 3879, 

V6!ty interesting jATticuIaTS with re^uu to the regulationB in 
both as to Oeneral Hygiene and the Adulteration of Food. 
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the officers of the guifd. Fdr example, in 1272 the two sworn^raaaters of 
•the bakers^ guild at Berlin Wert^^lield responsible for seeing that |food 
br^ was baked. The tailors of Berlin and the bakers of Basil excluded 
a man for ever from their respective guilds if guilty of bad workmimship 
(1333). The Berlin weavers, not quite so severe, excommunicated the 
offender against their regulations for one year (1295). The false butcher 
at Augsburg (1276) was expelled from the city for a month. In Nurem- 
berg almost everything was regularly mspccted ; there was a ‘ Bdcl'erachau* 
a ^SafromcUau; and a ' Schau* with regard to brandy, drugs, syrup, hops, 
roses, tobacco, iron, meat, salt-fish, honey, leather, and many other things? 

It was at a ^ Safranscluiu' in 1444, that one Jobst Kcndeker was burnt, 
together with his false saffron, and in the following year two men and a 
woman were buried alive there for the same offence.* 

In all the cities of Germany there were copious regulations with 
regard to three things — bread, wine, and drugs. 

§ 14. Bread. — In Nuremberg, in the fifteenth century, the baker was 
not allowed to mix the different kinds of corn, which must be baked 
separately. In Augsburg, it would appear that there were no less than 
six different kinds of bread.^ The punishments for offending Imkers were 
various. In some places the delinquent was put in a basket at the end ol 
a long pole and ducked in a iriuddy pool, similar treatment to that which 
in England befell ‘the Scolds.’ 

§ 15. Wine, — According to an old Augsburg chronicle, it was in 1453 
that the adulterated wine of the Franks first appeared in that city ; but 
there is abundant evidence to show that wine had been tampered with 
previously, and in 1390, one Ludwig von Langonhaus was sentenced to b( 
led out of the city with his hands lx)und and a rope round his neck, 

• becadse of his practices in the adulteration of wine. In 1400 two wine- 
sellers wore l)randod and otherwise severely punished, and about the same 
period a special law enacted forbidding the sulphuring of casks, the 
colouring of wine, or the addition of sugar, honey, or other sweet things. 
In the year 1435, says the old chronicle, “were the taverner Christian 
Corper and his wife put on a cask in which he had sold false wine, and 
then exposed in the pillory. The punishment was adjudged because they 
had roasted pears, and put them into new sour wine, in order to sweeten 
the wine. Some pears wer(* hung round their necks like unto a Pater- 
noster.” It further appears that they narrowly escaped being burnt. . 

In 1451 the city of Cologne made a strong representation to the 
governing body at Antwerp on the prevalent adultenations of wine. At 
Biebrich on the llhinc, in 1482, a falsifier of wine was condemned to 
drink six quarts of his owti wine. He died from the effects.*^ In the 
fifteenth century at Ulm, every tavern keeper had to appear at stated 
times before the sheriff {Stadtrechner*') and swear that neither he, hia 
wife, his children, nor any one else in his name, had mixed with the wine, 
woad, or extract of woad, chalk, mu^tard-aeod, clay, ^ ScJiarlachkraid,* 

' m'lst of apples, lead, mercury or vitriol ; no water might bo added, and' 

; the same wine was to be retailed as bought. The Stadtrechner had also to ' 

1 Henry II. of France enacted that if eaffron was adulterated, the oflendera Should . 
he punished Iw corporal chastbement, the dru^ confiscated and bunit. 

” Maurer, »mhiehJl€ 4er Skuitver/asmng in D&iUsehland^ Bd. III., a. 24. 

* In Some places in very early times, the regular legal penalty was capital pnnMh^,' 
- ment ; for example, in 1269, The law of Bipen punishra the seller of false honey. 
wax with death. « ' 

, \ Perh^ ‘ ^adtreohner * might he translated * Mayor.* 
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9 e <6 that no sour, ropy, or otherwise had wine was sold. In the same i»wn 
ttiiVi^onnance of 1499 decreed, thai^(;i»ico''adnlteration was most readily 
practised by putting substances into the cask, no cask was henceforth to 
be closed up save by the sworn cooper, who, on finding anything am^ 
was to give information; penalty for default, a guilder. 

In the fourteenth century^ Nuremberg was a great centrec of the wine 
trade ; consequently in that city there were very many regulations against 
adulteration of wine, but they were similar to those already mentioned. 
At Frankfort-on-the-Maino, on false wine being found, the cask was placed 
on the knacker’s cart, and a red flag displayed, with the inscription 
*8iummer Wm.^ that is, mute or dumb wine. The jailer marched before, 
the rabble after, and when they came to the river they broke the cask 
and tumbled the stuff into the stream.^ Alx)ut the same date, wine is 
stud to have been sophisticated with the following substances : earth, eggs, 
albumen, argol, mustard, salt, burnt salt, sweet milk, brandy, almond milk, 
wheat flour, clay, and several other things. 

In the early part of the seventeenth century, a circumstance happened 
in Wurtemberg which led to some stringent regulations with regard to 
metallic contamination of wine. A number of people having been seized 
with colic, paralysis, and other symptoms of poisoning by lead, it was 
noticed that all those attacked drank one particular species of wine only ; 
and on investigation the epidemic was discovered to be due to the con- 
tamination of the wine by the use of metallic fastenings to the casks. The 
occurrence is related by Gockelius,'^ who styles the disease ‘ Weinlcrank/mV, 

§ 16. Drugs . — Those who sold drugs, roots, spices and the like, w^ere 
strictly suporvisod, and in the reign of Frederick the Second of Prussia 
the examinatiou of drugs was made a special calling, the inspectors being 
appointed by the king. 

In Augsburg, Frankfort, and a^ few other places, the trade in medicine 
was taxed. By virtue of this tax the druggists and doctors enjoyed a 
monopoly, and medicines were forbidden to be sold by other trades. 

In the seventeenth century there were committees of doctors, whose 
duty it was to inspect the druggists, and from the committees —as in 
London, so on the Continent-Originated the plmrmacopcoias. Thus 
Phatnmopoda Antwerpimm, 1661; P. Utrajectina^ 1664; P. AmMeloda* 
wejMw, 1668; Antidoiaritm Bononiense^ 1674; Regia Ghemica et Galenica, 
CfenwOf 1684, etc.® 

IV, -HISTORY OF ENGLISH LEGISLATION IN REFERENCE 
TO THE ADULTERATION OF FOOD. 

^ g 17. The first General Act in this country was the Act of 1860^ 
previous to which date individual articles, such as t^ coffee, chicoi^, beer;, 

^ The article for sale was sometimes merely forbidden to be sold : this was especially 
fbe case with importations from other oountrieg. For example, at Cologne, in 1488. 
eaafcB of batter imported from England, which were found to contain a mixture of bla 
and new, were not allowed to enter the market. In like manner folso oil was excluded , 
from the city. 

* BesArtibung der Weinh'mkheiif 16Z7 . 

* The dukes of Saxony recited the tra^ of drug^ as early asLl607. J. Oumanne; 
Mblidied lUgkmenis entre lea mddeeina et lea apo^Mf'aa powr la ^ita dea 

1605. Thomas Bartolin edited the woii; of lioetti Benandt DecUvraHofiran^^ 
9aa$agnadpKarmaeapeo8commiUunlw.VTe,no,i^7,axi^'lt*lhiyo. • 
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‘ and wme le^^ted for a'^rtutes, the object of 

*fov the most part, to prevent the d^andin^^f the revenue ; the hee3tVc^:;' 
the purchaser, aud the injury done ro him, being somewhat less considered 
'fdthough not lost sight of. » 

§ 18i Bakers — Bread . — An Act in the reign of George IV. was directed 
particularly® against the use of - alum. Khkers, either journeymen or 
masters, using alum, and convicted on their own confession or on the oath 
of one or two witnesses, were to forfeit a sum not exceeding j£20, and not 
less than £5 ; if beyond the environs of London, a sum not exceeding £10, 
nor less than £3. If within London or its environs, the justices were 
'.allowed to publish the names of the offenders. The adulteration of meal 
or flour was punishable by a like penalty, and loaves made of any other 
grain th^n wheat were to be distinguished by a large M. The possession 
on his premises by a miller, baker, etc., of any ingredient adjudged to have 
been placed there for the purposes of adulteration was punishable by fine. 

An Act passed in 183G (6 and 7 Will. IV., c. 37) relative to bread 
may be considered as a modem development of the old ‘ Assize of Bread.’ 
It repealed the several Acts relating to bread sold out of the city of London 
and the liberties thereof, and beyond the weekly bills of mortality and ten 
miles from the Royal Exchange, and provided other regulations for the 
making and sale of bread, ‘and for preventing the adulteration of meal, 
flour, and bread beyond the limits aforesaid. This Act made it lawful for- 
the bakers to make bread of “ whoaten flour, barley, rye, oats, buckwheat^ ^ 
Indian coni, pease, beans, rice or potatoes, or any of them, and with wiy 
common salt, pure water, eggs, milk, barm, leaven, potato or other yeast* 
and mixed in such proportions as they think fit, and with no other 
ingi-^ient or matter whatever.” They were also permitted to make the 
bread any weight or size they chose. The breads however (sect. 4), was 
to bo sold by weight, and in no other manner. 

Section 3 provided that no baker or other person within the limits pre- 
43cribed .... shall use any mixture or ingredient whatever in the making 
of such bread other than, and except as hereinbefore mentioned, on any 
account or under any colour or pretence whatsoever ” ; penalty not less than 
£5 and not more than £10. In default of payment the offender could be 
imprisoned for a period of not more than six months, with or without hard 
lalmr,^ or unless the penalty was sooner paid, the magistrates oould also - 
publish the ofleuder’s name, and defray the expense of such publishing out ' 
of the fines. 

By section 9 no person is to put into any com, meal, or flour, at the. ' 
time of grinding, dressing, or manufacturing, any ingredient or mixture 
whatsoever, not being the real and genuine produce of the com or grain ; ^ 
nor is flour of one wrt or com to be sold as flour of another sort. Pend^^ ' 
hot less than £5 and not more than £20. 


Sections 11 and 12 provide that bread made partially or wholly eff/ 
pef^ beans, or potatoes, or pf any other sort of corn or grain other 
wheat, is to be marked with a large Roman M, under a penalty not exceed*). 
Ing 10 b.. 'Justices may issue a search warrant to enter a baker’s preniiiei^^ 
at reasonable hours, and search for adulterated bread or substanoee 
^fo>r adulteration. If such substances have been found, the justioes '^^ 
- diqtose of tliem as they think fit. The penalty for a first offence is & 

,.not exceeding £10 and ifct less than £2 ; for the second offence 
t;: lathaoue of ^be v. James, 41 L. J. M. C. 19, it was hold for a 

aaniaon iniiltv knowladtfA was neCMaArv. ‘ *5^ 
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for every subsequent offence £10. In default of payment, imprisonment 
for not more than six calendar months. ^It i§ also lawful for the magistrates^ 
to publish the name of the offender. The Act contaiqs various other 
provisions with regard to obstructing search, offences committed by a 
journeyman or servant, the baking of bread on the Lord’s Day, etc. 

§ 19. J^eer and Pmier, — An Act, pissed in 1816 (56 Gec^. IIL, c. 58), 
enacted that no “ brewer of, or dealer in, or retailer of beer,” shall receive 
or have in his possession, or use or mix with any worts or beer any 
molasses, honey, liquorice, vitriol, quassia, cocculus indicus, grains of 
paradise, guinea pepper, or opium, or any article or preparation whatever 
for or as a substitute for malt or hops. If any person contravene this 
provision, the officer of the excise may seize the w'orts aiid beer, together 
with tlie casks containing the same.” — Penalty, £200. Ily the same Act, 
druggists who sold colouring materials or malt substitutes to ^brewers 
were liable to a penalty of £500, An Act (7 and 8 Oeo. IV., c. 62) pro- 
vided that any brewer, having in possession or in use substitutes for malt 
or hops, or for darkening the colour of beer, was liable to a penalty of 
£200, and the ingredients, beer, worts, etc., might be seized. Later on, 
by the 10 and 11 Vic., c. 5, brewers were allowed to make for their own 
use a colouring matter out of sugar.^ 

§ 20. WineAi. — An old sbitute (61 Hen. III., st. 6) forbade the use of 
unwholesome wine or meat. By the statute 12 Charles II. c. 25, any 
adulteration of wine was made punishable, with the forfeiture of £100 if 
done by the wholesale merchant, and £40 if done by the vintner or retail 
trader. Additional regulations were made by I. William and Mary. All 
of these Acts, it is scarcely necess^iry to say, are now obsolete and repealed. 

§ 21. Tea. — An Act was j)asaed in 1723 (11 Geo. 1., c. 30), which enacted , 
that “ no dealer in tea, or manufacturer or seller thereof, oi’ pretending to 
be, shall counterfeit tea, or adulterate tea, or cause or procure the same to 
be counterfeited or adulterated, or shall either fabricate or manufacture 
tea with terra japonica, or with any drug or drugs whatsoever, nor shall 
mix, or cause or procure to be mixed with tea any leaves other than 
leaves of tea, or other ingredients whatsoever, on pain of forfeiting and 
losing the tea so counterfeited, adulterated, altered, fabricated, manu- 
factured, or mixed, or any other thing or things wliatsoever added thereto, 
or mixed or used therewith, and also the sum of £100.” 

Some years afterwards, 1730-31, a further Act was passed (4 Geo. II., ’ 
0. 14), prescribing a penalty for what is termed in the statute * sophisticat- 
ing tea.’ It recites “that several ill-disposed persons do frequently dry, 
fabricate, or manufacture very great quantities of sloe loaves, liquorice 
leaves, and the leaves of tea that have beeU before used, or the leaves of, ‘ 
other trees, shrubs, or plants in imitation of tea, and do likewise mix, 
colour, stain, or dye such leaves, and likewise mix tea with terra japonica, 

- sugar, molasses, clay, logwood, and with other ingredients, and do ^1 and' 
vend the same as true and real tea, to the prejudice of tho health of His 
^ Majesty’s subjects, the diminution of the revenue, and to the ruin of the ; 

; fair trader.” The penalty under this statute was £10 for every pound of . 
'tea sophisticated. 

The next Act was passed in 1776 (17 Geo. IIL, o. 29). The preamble . 

. asserts that great quantities of sloe leaves and the leaves of the ash, elder, 
ratid other trees, shrubs, and plants, were mauu^/Ctured in iipitation of tea, 

At the present time it is not illegal to mix bitter beer with wholesome bitteia, 
ithan hops. ^ , / ' " . 



"aitd were then sold to dealers in^ea, who, after mixing the leaves 'With 
sold it as true and real tea ; biit as ^he persons who fabricated or maatti- 
fa^tured the leaves were not dealers in tea, they were not punishable by 
the law then in force. The Act, therefore, rendered any person, whether 
a dealer or not, who fabricated leaves in imitation of tea, or who mixed tea 
with other ingredients, or who sold, exposed f(y sale, or had in his custody 
fabricated or mixed teas, liable on conviction to a penalty of £5 for each 
pound of such tea, or in dofiiult to imprisonment for not less than six 
months, nor more than twelve. The officers of the excise were empowered 
to enter under warrant any premises by day or niglit and seize the loaves, 
which, on a further warrant, were to be destroyed. 

§ 22. Coffee, — The history of the regulations witli regard to coffee 
and chicory is rather curious, inasmuch as coffee appears to have been 
adulterated almost immediately after its introduction, and legislative 
interference was soon necessary. 

The first Act (5 Geo. I., c. 11, 1718), with regard to coffee, .recited that 
** Whereas divers evil-disposed i)er8on8 have at the time of, or soon after, 
the roasting of coffee made use of water, grease, butter, or such-like 
materials, whereby the same is rendered unwholesome, and greatly 
increased in weight to the prejudice of His Majesty’s revenue, the health of 
his subjects, and the loss of all lioncst uud fair dealers in that commodity,” 
and went on to enact that “ any person or persons whatsoever, who shall at 
the roasting of any coffee, or before, or at any time afterwards, make use 
of water, grease, butter, or any other material whatsoever, which shall 
increase the weight, or damnify or prejudice the said coffee in its goodnes^ 
he, sfiej or they shall forfeit the sum of X20 for every such offence.” This 
penalty was increased to £100 by a subsequent Act (12 Goo. o. 30), 
passed In the year 1724. 

An Act passed in 1803 (43 Geo. III., c. 129) ordered that “If any 
burnt, scorched, or roasted peas, beans, or other grains, or vegetable 
substance or substances be used, prepared, or manufactured for the puipose 
of being an imitation of, or in any respect to resemble coffee or cocoa, or 
to serve as a substitute fopcoffee or cocoa, or alleged or pretended by the 
possessor or vendor thereof so to be, shall be made or kept for sale, or 
shall be found in the custody or possession of any dealer or dealers of 
coffee or cocoa ; or any burnt, .?corched, or roasted peas, beans, etc., not- 
, being coffee or coooa^ shall be called by its preparer or manufacturer, 
v'.pos8eBsor, or vendor thereof, by the name of ooifee, or by the name of 
American cocoa, or English or British cocoa, or any other name of cocoa, 
^.|he same respectively shall be forfeited, and, together with packages con- 
.-lining the same, shdl or may l)e seized by the excise.” The person con- 
victed was to be fined £100. 

t., A subsequent Act (3 Geo. TV., c. 53) permitted persons, not dealers in. 
4^ffee, to sell roasted com, peas, beans, or parsnips whole, but not ground, 
or powdered. 7 

V ;In 1882 grocers were allowed by tlie Excise to keep chicory on their , 
and a Treasury Minute, dated August 4, 1840, allowi^ the s4ei 
coffee mixed with chicory, a step which no doubt opened the way tO' 
. wholesale adulteration. This is evident from a meeting of those interest^, 
in Idle coffee trade, held at the London Tavern, on March 10,^ 
, 1651, in which the chairman ^ explained that although more of what 

coffee was now conlhmcd, yet that there was a less oonsumptiiSjl^ 
* T. Baring, Eaq., M.P. 
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’ p? ^uine coffee. ‘*We wish,” he oofitinuedj^ ^‘to coine . to , the naal® 

, question, and we desire that it shonj^l bo publicly understood that wh^ 
/is oqiBfee be sold as coffee, and that what is not coffee, being a cheaper 

- article, and, if you will, a more nutritious article, and as eligible for 
^ bonsumption, be sold to the consumer at the price at which it can be 

' afforded.” A grocer from Shoreditch having produced at Jhe meeting 4 ' 
' compound of burnt peas, dog-biscuit, prepared earth; and a substance 
** which,” he said, “ I shall not describe, because it is too horrid to 
mention,” wont on to af&rm that several tons of the same material were 
in existence, and that it was used as a substitute for chicoiy and 
for snuff.i 

The Lancet also gave details about the same time of the microscopical 
examination of thirty-four samples of chicory, nearly one-half of which 
were mixtures, the substances found being roasted beans, burnt ^coni, and 
acorns. It was under the protection of this Minute that Messrs. Duck- 
worth of Liverj)ool took out a patent for the compression of mixtures of 
chicory and coffee into the shape of berries. Popular writers have, as 
usual, made the most of this patent, and the story has been retailed with 
additions from one book to another as a glaring instance of wholesale 
. fraud ; but, although the purity of the manufacturers' intentions may be 
open to doubt, the fact remains that they did nothing against the existing 
law. The patent does not appear to have been profitable, and but few of 
the chicory berries were put in circulation. 

The subject of coftee adulteration was not, however, permitted to 
escape the attention of Parliament, and petitions from planters, growers, 
and others interested in the sale or production of coffee increased in 
number. In the Commons, during the coarse of a long debate (April 14, 
1B61), Mr. T. Baring stated that it could not be denied that there had 
been a diminution since 1847 in the consumption of coffee to the extent 
oi six million pounds, the real cause of which was the wholesale admixture 

- of coffee with ohicoiy — this chicory of home growth. In 1840, at the , 
time of the issuing of the Treasury Minute suspending the law as regarded 
that article, all the chicory used in the country oamo from abroad, and as 

^^«n .excisable import on which duty was paid, but since the issue of the 
■ Minute it had been cultivated largely in England. 

Similar statements were made in the House of Lords (July 3, 1851), 
on the occasion of Lord Wharncliffe's presenting a petition to that House. 

In the following year, under the pressure of popular feeling on the* 
subject, the objectionable Minute was rescinded, and a new Treasury 
Minute, dated July 27, 1852 (which was embodied in a subsequent 
order of the Inland Kevenue Commissioners), permitted licensed d^A * 
in coffee to “keep and sell ohicoiy aud other vegetable substaodeB’; 
.‘prepared to resemble coffee, provided that they be sold umnixed witiSv, 
coffee, in packages sealed or otherwise secured, containing respdotivaiy.} 
not less than two ounces, and having pasted thereon a print^ label with^ 

name of the seller, the exact weight and true dosoription of the artioVq: 

, contained therein, and provided that no such article be kept in a k>QSQ;|i 
or otherwise than in such packages as aforesaid, in any 
/'entered for the storage or sale of ^coffee.” This regulation was, vlthci^; 

\ doubt, irksome both to traders cmd consumers, since every one ' 
desired his coffee mixed with chiewy could not^buy the mixture 

1 -AduUmUian of Ooffw, A wHtatim (he proeeodings' ai a 

^f^iAihtlondmTaifem, V>ndon, 1651. • 



Wits oblige to purcUfkse thJ coffee and cblc^iy sepamtoly/iuid'f^-:: 
himself. . Heuce many meticals were presented praying 
the'iale of a mixture of coffee and chicory be not interfered with, provided 
each package has legibly printed thereon words plainly indicating «uoh' 
n^ixture.” ' Jn consequence of these representations this Minute was also 
rescinded,^ aud a new one prepared. An order of the Commissioners of 
Inland Revenue, dated May 13, 1863,® followed, requiring that on every 
.package containing a mixture the words, **This is sold as a mixture of 
chicory and coffee,” be printed in capital letters of Roman character, of 
at least one>eighth of an inch in height, on the outside of the packages or 
canisters, on the same side of which there was to be no other printing or 
writing. On no other part of the package, further, was there to be any 
other writing save the name and address of the seller. 

It woftld be a great error to Bup 2 )ose that these minntes of the 
Treasiuy, and 8ub8c<iuent orders of the Revenue Cominissioiiors, hod for 
their leading object the prevention of adulteration in its reference to the 
health of the subject. It will at once bo noticed that they only touched 
on * excisable' articles,’ and it was entirely a fiscal question. In a word, 
had the sophistication been of such a nature as to increase instead of 
diminish the revenue, the Treasury would have let it pass without 
notice. 

23. T/w Select Gommittee of 1855. — The prelude to legislation on 
adulteration as a whole was the appointment of * A Select Parliamentary ' 
Committee,’ which entered on its labours in 1865. The early appoint* 
ment of this committee was, without doubt, due to the infiuouco of the 
late Mr. Wakley, the able and courageous editor of the Lancet, In 1 860 
Mr. Wakley had established, in connection with his powerful journal, * The ' 
Lancet ^Sanitary Commimon ’ of which commission Dr. Hassall was the 
leading spirit, with Dr. Letheby as occasional coadjutor jn matters purely 
chemical, and (what at that time was of great importance) with the assist- 
ance of an artist, who drew microscopical objects with fidelity. 

The ‘Analytical Sanitary Commission’ was commenced in the first 
number of the Lancet for 1851, and the scope of the inquiry, as stated by 
th^e editor, was as follows : — “We propose, for the public benefit, to institute 
an extensive and somewhat rigorous series of investigations into the present 
conijitiou of the various articles of diet supplied to the inhabitants of this 
.g^t metropolis and its vicinity, , , , Sp^ial features of the inquhy 
be tl^ they are all based upon actual inquiry and experiment ; the 
^croscope and the test' tube will be our constant companions.” Ndtiee 
aiso given that at the expiration of three months the names and 
Mdiresses ot the shopkeepers frona whom purchases had been made wouM 
$e giv^; but at the commonoem^ the street alone was to be indioated, 
promise was kept,^ and hazardous although the experiment most 
mtainly was, yet in April we find the names of large firms freely published^ 
•IpKd, 4SO W speak, * pilloried,’ for having sold impure and false goods. ' I 
In 1866 Dr. Hassall collected tlm arUcles which bad been publktl^ 
^,the. Lancet into a volume, entitled Food and its Adulteraiium, dhlii 
ifi^ng the reporte of the AncdytiecU Sanitary Oommmifjn of the 

years 1861 London, 1865. - - 

1865 ‘The Select Committee on the Adulteration of Food' 
its laboi^s, and ez|mined as fat as possible all those w{k> 

^ Pari. Pepwr, Jio. 165, vri. xoix., mw. 1862-68, 

> HA. m, lew, 1864.65, 
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likely to ha^e any special knowledge of hie adulterations themselves, the* 
methods necessary to detect them, iftfd thtfiv effect on the revenue and cn 
health. iJr. Hassall stated to the committee the results of his in(]uirie8 
both for the Lamet CommisHion and during the course of liis other lalwmrs, 
and gave in detail the frauds practised in regard to milk, coffee, tea, drugs, 
preserved fniits, etc. 

Dr. Alphonse Normandy, who had also written a work on adulteration 
— the result of ton years’ invc'stigation— said, in giving evidence as to the 
aluming of bread, that he had seen alum in bread in crystals of the size 
of a large pea. “ In the broad of one, baker I found alum actually in the 
state of large crystals ; T went to liim and showed him his bread, atid he 
said, ‘I cannot help it.’” In extreme instances he had found as much as 
from 250 grains to twice that (juantity of alum in the 41b. loaf, and in 
1847 he had found magnesia carbonate in three samples of orofid. In 
1847 and 1848, years of great scarcity, he had discovered bean and pea 
meal in flour, but this he conskhirod (piite exceptional. 'With regard to 
beer, ho tlanight that brewers often made use of coccidus indicus ; and, 
finally, he gave evidence of the great adulteration of drugs. 

Mr. Blackwell, of the firm of Crosse & Blnckwcll, gave some very 
interesting evidence as to the ‘coppering of preserved vegetables,’ 
practised before tbe food articles appeared in tbe Lanevt The process 
in use by his firm Wiis to boil the pickles or vinegar several times in 
copper boilers. After each operation they becxnne greener, and when the 
proper hue was attained, the process was finished ; but since the outcry 
on coppered vegetables, this process bad been abandoned. 

Another witness, Mr. 0. L. Siimnonds, the author of a work upon 
‘ Commercial Products,’ in giving evidence on the adulteration of drugs, 
estimated that there wms a loss to the revenue from this cause orno less 
than £3,000,000 per annum. As an instance of the manner in which 
the revenue suffered, he cited the substitution of cassia for eimiamon; 
cassia paid Id. per lb. duty, ciimamon 2d. The dealers sold cassia under 
the name of cinnamon to such an extent as to affect seriously the cinnamon 
trade. 

§ 24. Adulteration Ads^ 1860 and 1872. — "Upon the report of the 
Select Committee, the first general Adulteration Act was drafted, and 
became law in 1800. The first section enacted, “That every j)erson who 
shall sell any article of food or drink with which, to the knowledge of 
such person, any ingredient or material injurious to the health of persons 
eating or drinking such article, has been mixed, and every person who 
shall sell as pure or unadulterated any article of food or drink which is ' , 
adulterated or not pure, shall for every such offence, on summary oon-^ 
viction of tbe sjime, pay a penalty not exceeding £5, with costs.” A second;, 
offence was punishable in addition by publishing the offender’s name, place 
of abode and offence. I’lic Act permitted, but did not compel, the appoint- 
ment of analysts. The bodies which might appoint such analysts were— in 
the City of London, the Commissioners of Sewers; in the metropolis generally, 
Vestries and District Boards ; in the counties, Courts of Quarter Sessions. 
Section 4 provided that any purchaser of any article of food in any of the 
districts in which analysts existed might have such article analysed -on 
payment of a sum not less than 2s, 6d. and not more than 10s. 6d. ; the , 
purchaser, on the completion of the analyses, was entitlefl to receive a ^ 
certificate of the result of the analysis. ^ 

These appointments were at first confirmed by the Secretary of State, ^ 
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but afterwards the Ijocal Government Act of 1871 IransfcritHl the regula- 
tfon of th(} appoiiitmcots to ^he A^cal (jlovernmoiit Board. The 
existed, and was in jjartial operation for twelve years, when it was entirely 
recast and interspersed witli various sanitary considerations. • 

In an Act passed in the year 1872 (35 and 36 Viet., o. 74), it was 
enacted that Every person who shall wilfully admix, and every person 
who shall order any other person or persons to admix, any ingredient or 
material with any drug to adulterate the same for sale, shall bo liable to 
a penalty for th(5 first offence not exceeding d£50, with costs.” The second 
offence was piniisliable by a term of imprisonuKait not exceeding six 
months, with hard labour. By the second section, “Every person who 
shall sell any article of food or drink, with which to tlic knowledge of 
such person any ingredient or material injurious to the health of persons 
eating or •drinking such article has been mixed, and every person who 
shall sell as unadulterated any article of food or drink or any drug which 
is adulterated, sliall for every such offence, on a summary conviction of 
the same, jmy a })enalty not exceeding i^20, with the costs of Cfmviction.” 
By the third section, “Any person who shall sell any article of food or 
drink, or any drug, knowing the same to have been mixed with any other 
sul>8taucc with intent to iVaudulently increase its weight or bulk, and 
who shall not declare such admixture to any purchaser thereof before 
delivering the sanuj and no other, shall be deemed to have sold an 
adulterated article of food or drink, or drug, as the case may be, under 
this Act.” 

The Act, with doubtful advantage, also extended the right of appointing 
analysts to boroughs having separate police establishments. The appoint- 
nujiit \^a8 optional, save on the direction of the Local Governmoit Board, 
The sixtli section provided that iiispeetors of nuisances or other local 
officers were to procure samples for analysis. Private, purchasers might 
liave articles analysed as before, the only difference being that, under 
this Act, they were to hand the substance, not to the analyst, but to the 
inspector. T'lierc were also provisions as to the sealing and division of 
sauiples. Since the Act of 1860 remained unrepcalod, the two Acts were 
both in force simultaneously, and under their joint oj»eration the following 
offences were punishable ^ : — 

1. Selling any article of food, drink, or medicine, that contains any 
ingredient injurious to healfli, ai,-] knowing it to contain such ingredient. 

2. Selling any adulterated food, drink, or drug. 

3. Wilfully mixing with any article of food or drink any ingredient or 
poisonous ingredient to adulterate the same for sale. 

4. Wilfully mixing any ingredient with any drug to adulterate the 
same for sale. 

5. Selling any article of fo<xl, dr jjk, or any drug, knowing the same to 
have been mixed with other substances with intent fraudulently to increase 
its weight or bulk, unless such admixture be declared at the time of 
sale. 

§ 25. The Select Committee^ 1874. — These Acts by no moans worked 
well. Many of the analysts were inexperienced, and e\'en those who hfi^ 
considerable chemical knowhxlgc differed widely in the conclusions they 
drew from their analyses. The reason of this was evident, for the standards 
had scarcely been settled. ^There was, for example, no general agreement 
as to the amount of *fat* and ‘total solids’ in milk; the question <4 
* Law o/ by Sidney Woolf. London. 1874. 
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whether tea should he permitted to be faced, or not, was then (as, indeed, 
now) unsettled; there was no mct^^Ad in use which distinguished aluA 
added to flour and alumina existing as wind. Analyst contradicted analyst, 
Magistrates were perplexed as to the mciming of the word ‘ adulteration, 
and conflicting decisions on mere legal technicalities ofiered a still furthei 
obstacle to the healthy operation of the Act. The public 'generally wore 
dissatisfied with an Act which inflicted rctil hardships on many retail dealen 
— G.g.y tea, paid for at the highest market price, and imported direct from 
China, would be examined by a local analyst and i)ri»nounccd to be facco 
with Prussian blue, gypsum, etc. ; wliile, from the peculiar nature of the 
statute, the seller, however innocemt of the fraud himself, could not defend 
the charge on anything like equal terms. J^etitioiis, modesrate in tone, 
came in from most of the large towns, and the (iovernment decided t( 
appt»int another Si^lcet .Committee. A large number of witnesses— tot 
mcrcluints, tea brokers, , tea retailers, butter merchants, cocoa and coffee 
manufacturers, milk sellers, bakers, and analysts — wore exaniiucd by this 
new Committee in 1874; and on their evidence a report was basotl, wliicl 
stated that after having sat fourteen days, and examined fifty-sevor 
witnesses, the Coimnissioncrs had arrived at the unanimous conclusion that 
while the Act had done much good, it had, at the same time, inflictec 
eonsideniblc injury, and enforced heavy and undeserved penalties upoi 
some respectafdc tradesmen. “ This apj^ears to have been mainly due t( 
the want of a clear understanding as to what does, .and as to what does not 
constitute adulteration, and in some cases to the conflicting decisions 
inexperience of the analysts. Your Committee are, however, of opiiiioi 
that tlio Act itself is defective and needs nmendment,” 

The rejwrt went on to say that the adoption of the Act liad hcey by n( 
means general, and in many cases where it had been applied its operatioi 
was of a very restricted character ; for, even with competent analysts, i 
inspectors were not appointed at the winie time the Act remained a deac 
letter. All the London vestries IjjmI made appointments, but in onlj 
twenty-six out of seveuty-one boroughs, and thirty-four o\it of fifty-fou: 
counties, were tlicre at that date oflicial analysts. The examination of tei 
was recommended to be made on importation by the Customs. Thi 
Committee did not consider that the exact proportion of mixtures need b 
stated on a label, and they wished to record that mixed mustard an( 
prepared cocoa had been long manufactured at Deptford for the supply o 
the Navy. They reeommeiKled that small districts should be consolidated 
and that, as a rule, the boroughs in a county should be united witl 
the county for the purpose of appointing one analyst for the entir 
district ; and they pointed out that the only way to secure the services o 
really effleient analysts is to ofler them'U fair remuneration, which oai 
hardly be done without the union of several Local A\ithorities in on 
appointment.” The Committee concluded their report by remarking tha 
the public was ‘ cheated ’ rather than * poisoned.' 

§26. Sale of Food aiid Druna Acf, 1875, 1879, and 1899. — On thi 
report was based the Act of 1875, which is at the present moment, wit] 
its amendments of 1879 and 1899, the existing law, and tlie full considers 
tion of which will be reserved for another Section ; nn early defect in tb 
. Act, however, may be at once alluded to, for it had not been long i: 
' “operation before its action was almost entirely stopped, j^^^gal ingenuit) 
‘ The sixth section provides that “No person shall seiytej^e, prejudice c 
the purchaser any article of food or any ^g whi otSS iSfe of the -natuyi 
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* fiixbstance, imd quality of the ar&cle demanded by such purchaser^ ; and iii 
ft Justiciary Appeal case at IMirtburji^ in which an inspector had purchaiibd 
cream not for his own use but for analysis, the Scotch court discussed the 
‘prejudice* (jnestion — three out of seven judges adopting the view that a 
purchase made under these conditions was not to the ‘ prejudice * of the 
purchaser, and five out of the seven dismissing the summons on other 
grounds. The impression produced in this country, however, by the 
decision of the court, was that the sale, to be effectual, must bo made in 
the ordinary way, and not merely for the purpcKses of analysis. The same 
question was raised in quife a different hut equally ingenious way in a 
‘mustard case* argued before the Court of Queen’s Bench. The purchase 
in this case was by an officer ; the defence being that, as it was well known 
that mustard was mixed wdth ffour and other things, sucli a purchase 
could nolf be to the prejudice of the purchaser. The point, however, was 
left undecided; the question again came before the Court of Queen’s 
Bench, in the case of Sandys v. Small, and tlie ‘prejudice’ question was 
argued on both points. Whisky was alleged to have been mixed with 
water, and the defence set up — that it was known to ))e so mixed, and there- 
fore not to the prejudice of the purchaser — was held by the court to bo 
good, and the case having been decided upon this point, the other was not 
proceeded with. Finally the question was settled by the case of Hoyle v, 
Uitchman, March 27, 1879. The facts in this instance were of the 
simplest cliaraoter : the appellant had purchased milk in the usual official 
way ; the milk was found to be adulterated, and the defence was that, as 
he did not use the milk, therefore he did not buy the milk for his own use ; 
he was not prejudiced. The magistrate who hoard the case considered the 
defence good, and dismissed the summons. 

Justice Mellor, in giving judgment, observed that the ‘prejudice^ 
view of the Act “ would absolutely nullify its beneficial /effect. For if the , 
meaning of the enactment is that the offence cannot bo complete without 
its being ‘ to the i)rejudico of the purchaser,’ it is hardly possible that the 
offejice should bo brought home to any one. And this observation, in my 
view, goes far to show that this construction ctiiinot be the right one. So 
far as authority is concerned, there is no direct decision in favour of such' 
a view ; and, indeed, in the English courts there is hardly any authority 
upon the point. For in the first of the two cases in this court referred to, 
the mustard case, my brother J .ush distinctly said that, in his view, if the 
article were adulterated, it must be presumed that it was ‘ to the prejudice 
of the purchaser,’ and I could not have dissented from that opinion, or I 
could not have concurred in sending the case down to he re-stated on the 
pther point. And as to the othet Ciise, no doubt in the course of the 
argument the Lord Chief- Justice made some such remark, but not by way 
. of a decided dictum, and rather by w,ay of query or suggestion, and the 
-decision went upon the other point, so that there is no authority in the 
"English courts in favour of the view now presented. It cannot bo said 
' that the weight of judicial authority is against, and I rather tliiuk it is in 
f lavour of,, the view which we have arrived at after the best consideration 
given to the question, ^ to the tnie constniction of the enactment. It is 
; quite general in its terms, and its terms are very large, nor is there any- 
. . thing to limit them, — ‘ if any one shall sell, to the prejudice of the ^ 
pordtaser, any article of f^d not of the nature, substance, or quality of i 
' article demanded by ^le purchaser.’ There is nothing to limit the ; 
^^ftl^lioation of the enactment (as some of the Scotch judges seem to have’ ' 
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oupj^sed^ to articles deleterious in their 'iiaturor And in several of the “ 
sections (13 to 17) provisions arc for purchases by public officers foy 
the purpose of analysis and prosecution, assuming that, if the article is 
found to be adulterated, tlie olTcnce will have been committed. It would 
be strange indeed if all these provisions were to be ma<le nugatory by a 
construction which would, in effect, come to this — that pro< 5 eediiig 8 could 
only be taken by private individuals. Here the purcdiasc was made by the 
inspector under those sections; but surely tlic case must be treated as 
though the purchase had been by a private individual. Now, in the case 
of a private individual, no one could dispute that in such a case as this the 
offence would have been completed, and the magistrate has so found, in 
fact. That being so, what difference Ciui it make as to the nature of the 
offence, that the })urcha 80 was by an offic.cr on \)chali of the public, and 
funiislied witli public money for the purpose? If the purchaser asks for 
a certain article, and gets an article, wiiich by reason of some admixture 
of a foreign article is not of the nature or (juality of the article lie asks for, 
he is necessarily ‘prejudiced ' ; and how can the fact that tlic purchase 
is not with his own money at all affect the question of the commission 
of the offence? The offence intended to be prevented by the Act was the 
fraudulent sale of articles adulterated by the admixture of foreign substances, 
which would necessarily be ‘ to the prejudice of the purchaser ’ ; and those 
words were inserted only to require that sucli an ivlultcration should be 
shown to have been made. Taking all these matters into consideration, 1 
cannot bring my mind to the conclusion that in such a case as this the 
offence is less complete, merely because tlio money with which the ])urchase 
was made was not the money of the purchaser, which must be wholly 
immaterial to the seller, and cannot affect the offence ho has committed. 

I come, therefore, to the conclusion that the magistrate was wfong in 
dismissing the case on that ground, and, therefore, that the case must l>c 
remitted to him to be determined on the evidence as to the offence alleged 
to have been committed.’' 

Mr. Justice Lusli, in expressing his entire concurrence, said that the 
differences of opinion which unfortunately prevailed as to the true con- 
struction of the sixth section of the Act had crippled the operation of a 
most beneficial Act. — Judgment for the appellant. 

The Act of 1875 was amended by the ‘Sale df Food and Drugs Act, 
1879,’ which became law on »7uly 2l8t in that year. This Act settled the 
‘prejudice’ question, authorised the obtaining of samples of milk for the 
purposes of analysis, and established standards for spirits, (See sections 
on the ‘ Existing Law relative to Adulteration,') ^ 


V.— THE HISTORY OF THE PRESENT SCIENTIFIC PROCESSES 
FOR THE DETECTION OF ADULTERATION. 

§ 27. If an attempt were made to write the full liistory of the modem 
system of the practical assaying of foods, beverages, and drugs, the result 
would be neither more nor less than a history of the development of the 
chemical, physical, botanical, and medical sciences ; for there has scarcely 
-been a single advance in any one of those sSienccs which has not some 
bearing, immediate or remote, on our subject. Hence, the more useful - 
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and low ambitious method tif pursue will be merely to notice* tlie chief 
•writings and the more noteworthy jlilcjovcries of those who have expteed 
this special field of investigation. 

The very early and brief notices in the old writers have boon already 
mentioned. The first general works oii adultemtion were devoted to drugs 
rather than k> foods, and the herbals and tho^older works contain here and 
there, scattered through their prolix pages, casual mention of substitutions 
or falsilications. For example, Sahidin of Ascaln, a physici«an to the Grand 
Constable of Naples, who wrote in the fifteenth century a work on the 
aromatic principles of drugs, describes methods of preserving food, and in 
speaking of the adulteration of manna witli sugar and starch, cites the 
ease of an apothecary who was fined heavily and deprived of his civil 
rights.^ 

§ 28.*ln the early part of the seventeenth century Bartoletus discovered 
hy analysis milk-sugar (sec chnptor on ‘Milk^), and to this epoch belong 
also some observations and experiments of another Italian, Francesco Kedi® 
of Florence, published in 1660, on the amount of mineral substances 
in pepper, ginger, and black hellebore, lie burnt 100 lbs. of each and 
weighed tlie ash : black ]jep|>er yielded 5 lbs. 2 oz. 4 drs. of ash, ginger 6 lbs. 
3 ozs. 2 drs., while black hellebore burnt in the same cpiaiitity gave 411)8. of 
ash. These ash percenbiges, as wo know, arc accurate. He treated the 
ash with water, and noticed that all the salts lixiviat('d, and had a peculiar 
and definite figure, which they kept, although they wore often dissolved 
and afterwanis crystallised. “ If in one lifjuid you dissolve together two or 
three sorts of salts of difi'eront figure, when they congeal they all resume 
their ancient and proper figure.” Tie gives exam})les of this among mineral 
salts, and further states tiiat if vitriol of Cyprus (copper sulphate), rock 
alam,*iind nitre he dissolved, on evaporation and crystallisation the different 
salts can l>e readily detected.^ ^ 

§ 29. The Honourable Hubert Hoyle, whose numerous writings and 
discoveries are well known to all scientific men, may be said in a way to 
have written the first treatise the sole object of which was to make known 
a method of detecting adulterations. The title of his work is Medidna 
Hydrostafira ; or Hi/droaf alien applied to Matnria MeMra^ showing hofo 
hy the weight that divers bodies used in physic, have in waier^ one may 
discover whether they he genuine or adulterated^ 8vo, Loud. 1690. His 
method of determining specific gravity was similar to that now used. . He 
determined the specific gravity * of pure rock crystal, which he took as a 
standard, comparing the specific weight of various minerals with it. He 
sho'N ed that impure mercury sublimate, weighed in this manner, would be 
deficient, and that Homan vitriol mixed with alum might also l )0 similarly 
detected. He observed that ther(; were several forms of soluble salts in 

* This work, ^(mpcrulvam Aroma/nrin.n, was published in Augsburg, 1481. There 
is ro separate copy in the British Museum, but it will be found as i\ie Liber Htdadini 
in tlie beautiful folio edition of the Arabic physician (Yutnaund ibri Massawdili), Jomnis 
mesu.ae dcmaacem medico clarisaimi 0 })era^ etc,, d>. medicarmntonim dctectu, caMigations 
St etc., etc., /alio, Venice, 1623. The work is in the old dialogue style, consisting for 
the most part of question and answer. Tlio books preceding the Liber Saladini also 
contain some obseryation& on adulb<ratioi). 

* Francesco Kedi, 1626-1697 ; he was at once a i)oet, a chemist, and a physician. 

* Phil. Trans., 1693, p. 281. 

• * We believe that the eldest tables of sjjccific gravity extant are those in Lord Francis 
Bacon's Siatoria Dtnsia st PaM, fob, Lond., 1741. A cube of ^old was taken as a 
standard, and cubes of other substances, of a size as exactly similar as possible, were 
^ made. He was oonsciout?, however, of the want of complete accuracy. 
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plants, but always somo that wore cubical. Boyle also determined the 
por&entage of ash in about forty diftif^’ent Vegetables, and the amount of* 
soluble ash. Boyle’s was not a work of general scope, for the most part 
oonfiRiug itself to the recommendation of a particular although widely 
applicable method. 

An early general work oii the adulteration of drugs was'that of J. B. 
Vandon Sande,' who may be called the pioneer of applied quantitative 
chemistry, for he not only described the mere external characteristics of 
various articles of the materia mcdica, but also made alcoliolic and ethereal 
extracts, and determined the weight of the extracts thus obtained. He 
also, after the manner of his time, distilled the substances and obtained 
various products. 

§ 30 The invention of the microscope, revealing the most intimate 
structure of animal and vegebible tissues, ami tlio regular and mathematical 
forms of salts and minerals, gave a great impetus to all the sciences. 
Antony Van Ijceuwenlioek (b. 1632, d. 1723) was the lirst who in any 
philosophic manner occupied himself with this instninient. (lifted with 
rare powers of obsc.rvation and manipulative dexterity, he. made his own 
microscopes, and prepared all olyects with his own liaiids. His microscopes 

• were what wc should now call lenses. Each object, permanently mounted, 
had a separate microscope, which merely consisted of a small double convex 
lens let into a socket between tw^o plates riveted together, and pierced with 
a small hole. The object was placed, if licjuid, on a hue little plate of talc, 
which was then glued to a needle, or, if solid, was attached to the needle 
itself. The,rc was a mechanical arrangement i)y which the needle could ho 
depressed or raised, or ])laced iii any position desired. None of his lenses 
were very powcrful—ho rather preferred clear definition; nor were they 
all of the same magnifying ])Owcr, hut varied according to the nature of 
the object. He possessed tui incredible number of these instniments, and 
at his death bequeathed many of them to the Royal Society. He 
investigated daily during his long life all kinds of objects m the three 
kingdoms of nature, and made pcrhaiw a greater number of discoveries as 
to minute structures than any other man in his time ; indeed, there was 
scarcely a competitor, for the method was peculiarly his own. These 
discoveries did not attract so much attention in his day as they deserved, 
the reason probably being that scarcely any one possessed the suitable, 
means of corroborating his researches. Leeuwenhoek seems to have been 
the 6rst to discover the active principle of tea and coffee, and to describe 
the structure of the coffee berry.^ .Speaking of coffee b^ns, he says : “ I 

, jdaced some of the beans in a proper chemical vessel over the fire, and 
: observed that, in the roasting or burning them, a great quantity of oily 
‘ substance and also of watery moisture was expelled. The roasted bean t 
broke into small pieces, and after infusing these in elder rain water 1 
. ’ suffered the water to evaporate after pouring it from the grosser parts ci 
the coffee, and then 1 discovojed a great number of oblong saline particles 

1 Les falsi fwaiions dcs mWeaments d^eoiUeSt auvrage dams legasl m enaeigne lea 
moyene de (Ucovvrir lea tnmperies mim m usage pour fais^fier Ics rrMcements tasU 
nmples que el oit<m Mhlit des regies pour s' assurer de leur oworage non 

sewenrnl utile avac mMicinSf chirurgienSf apothicaires^ el droyaisteSf mats auss^ auie 
malades, by J. B. Vandeu Saude, Maitre Apotliicaire de Bruxelles, & la Hayo, 1784. 
A weU-priuted 8vo of 430 pages. The same author wrote a lellre sur la sophUiicalwA 

• des vims, Amsterdain, and oue or two other works. i*’ 

* The authors believe that this (as given in the first edition) Is the first notice of the 
ie|Arat^fi of caffeine by Leeuwenhoek. 
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of different sizes, but most of tLom exceedingly miimte ; all of tlioui 
‘sharp points at the ends and'darf m the middle.”^ 11c figures these 
‘saline particles,’ and from the description and the figure they can be 
scarcely other than crystals of ‘ caffeine ’ or ‘ thcine.’ He also cut thiu'slices 
of the berry, and one of his plates is a very jmod illustration of the cellular 
structure of Coffee. He noted that “ it was <SF an open and spongy texture 
.... and some of the parts, which in the figure appear closed up, consisted 
of globules, and were filled with oil.” Still more decisive are his olwerva- 
tioiis on tea, in which it is absolutely certain that he obtained ‘caffeine’ 
or ‘ theine ’ by sublimation, for he distilled it and collected the ‘ volatile 
salt.’ “All these Siiline particles were of the same shape, that is, very long 
and pointed at both ends. ... 1 afterwards endeavoured, for ray further 
satisfaction, to discover, if possible, how many saline pirticlcs could be 
producc(f from a single leaf of tea ; but having reckoned up only a part 
of the volatile salts contained in one leaf, 1 forbore any further observa- 
tions, because the number 1 had already rcckont'd up was so great that I 
dared not publish it, as I had proposed to do, and indeed many persons 
could not believe that the leaf itself could be divided into so many parts 
visible by the microscope, as 1 saw volatile saline particles produced from 
one single leaf.” He also examined the ash of tea, and noticed its 
deliquescent character. He separated several distinct salts, of which one 
kind h4id small cubical crystals, and was probably common salt. He 
also turned his attention to pepper, and extracted from it a crystiillino 
principle, [)roba]dy ‘piperinc.’ He powdered long pepper, and placed it 
in a glass vessel, covering it with rain water to about one-third of an- 
inch, “After the water had stood about two hours, I poure<l it off, but it 
l)cing^evcniug I let the water stand all night. I’hc next morning 1 saw 
in the place where it was most evaporated an incredible number of saline 
particles, many of which were almost twice as long as broad, but one side 
always longer than the other.” He also distilled pepper, and extracted from 
it an oil. He considered the difference between white and black pepper to 
be that one was decorticated, the other not, and proved that he was right 
by direct experiment. In speaking of vinegar, he noticed tliat it was 
neutralised by chalk, and that it often contains minute cels — those ‘ocls’ 
he figures and describes. 

To Tjeeuwenhock, then, may fairly be accorded the credit of having 
made several unnoticed discoveries in food analysis. Contemporaneously 
with Lceuw'enhoek, Dr. Hy. I’ower published some microscopical observa- 
tions, describing the appearances of sand, sugar, and salt, the cels in 
vinegar, and the mites in oatmeal. He also observcid how' easy it was to 
discover the particles or globules of mercury in compound j)owder8. “ In 
those chymical preparations of menni»*y which they call ‘turbith mirieraV 
‘mercurum vitife,’ sublimate precipu-ate, and mercury cosmetical, you may 
most plainly and distinctly see the globular atoms of current and quick.' 
mercury besprinkled all among the powders, like so many little stars in 
the hrmament.” ^ He also notices the minute structure of several leaves, and 
may be considered, together with Dr. Hooke,® as the English representativa 
;of microscopical science at that date. 

, ^ Thi Sdect Works of Antony Van Lcmmnhodc^ 4to. Loncl., 1798. 

* Expervnmtal VhiUmyhy^ m Throe Books, containing Hew Ohurvalion ExyerimatlSf ' 
Mitroscopical, Mercuridlf Magnmeal. London, 1663. 

■ Dr. Hooke published his “ Micrographia Illuatiata” in 1656, in the PhilosoykifiSH 
- Trmmiifmt ia which made known his inveutiou of glass i^obidcB applied to the.!, 
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Microscopical observers rapidly multiplied as the instrument itself was 
perfected, and by about the year 185£, reailjgood instruments, although*' 
aot absolutely achromatic, could be purchased. In 1838, Ehrenborg 
brought out his great folio on Li/uaorial TAfe. The beauty of the 
illustrations in this have never been surpasscil; they amply prove that 
very early in tlie ninctcoiitn century, for those who couhl afford the 
expense, there were instruments of great power, precision, and definition.^ 

In 1844, Donne “ published his beautiful plates containing, among other 
things, some accurate representations of the milk corpuscles (see article on 
*Milk’). Dr. Dro, in an important (»sc in which an attempt was made 
to evade the duty on cassava starch l)y calling it arrowroot, and importing 
it as such, detected the fraud by the microscopic ap}>earances alone. An 
excellent collection of objects illustrating the miuutti anatomy of plants 
was to be found in 1845 in the Museum of the College of Surgeons, the 
catalogue of which was edited in an illustrated form by IVofessor (^)utJkeit.*'^ 
About the same time, Quekett also delivered several lectures on liistology, 
in the course of which he pointed out the value of the microscope in the 
detection of fraiul.'^ 

§ 31. In the latter part of the eighteenth and the heginning of tlic 
ninetccntli century, chemistry advanced with rapid strides: Neumann 
Caspar'' rmulo various experiments on milk, wine, hntter, tea, cofiee, and 
other substances ; the Boerhaavc School*' analysed milk ; Jlerzolius issued 
his chemical papers ; Schecle instituted a variety of researches, and thus 
the foundation was being lahl of those processes which were improved and 
perfected by the ])liilosoj)hical mind of Liebig, and applied in the analyses 
of various vegetable products^ by Mulder, many of whose methods are still 
quoted and taken to a certain extent tis standard. This advance in chemical 
science was natumlly accompanied by more elaborate and scientific' works 
on food, and for the first time it became possible to study the subject in a 
philosophical maniicr, and to apply a variety of processes for the detection 
of fraud. 

microscope, by which an inuuwise magnifying power was obtained. Ho afterwards 
published a work entitled, Min'ographia ; or, Sonua Phifsiologunl Detifriptunus of Minute 
Bodies, made h)/ uieons of Magiiift/imj Glmm, ivith OhscritUiom and Etiqumcs Ihercuptm, 
by R. Hooke, F.H.S, London, 1765. The work i» a folio illustrated with well-executed 
copper platoa. Ho describes and figures, like Leeuwenhoek, poppy seeds, vinegar eels, 
etc. lie was a mail of great ingenuity and celebrity. In a theoretical manner he 
anticipated the icleplioju!, for in the pi*etace he says : “ ’Tis not imjioasible to hear a 
whisjKJr a furlong’s distance, it having been already done, and jicrhaps the nature of the 
thin^ would not make it more iraiiossibic though that furlong should bo many times 
multiplied, ... I can assure the reader tliat I have, bythohelpof a distended wire, 
profiagatod the sound to a very considciublc distance in an instant, or with as seemingly 
quick a motion as that of light, at least iiicomi»arably swifter tlian that which at^ the 
same time was prtijuigated through the air, and this not only in a straight line, or direct, 
but in one bended in many angles.” 

^ IHe InfusioTiMhicrchcn als volkottimeM Organisjaen, by D, Christians Gottfroid 
Ehrenberg. Leipzig, 1888. 

* A. Doling : Cours de Misrompe. 

* Descriptive and Ifhistrated Catalogue of the Histological Scries in the Museum of the 
fbyal College of Surgeons, Vol. II., 1850. 

* Lectures on Histology, delivered at the Royal College of Surgeons, 1850-1. 

® Neumann Casper, M.l)., Fom Thee, Caffee, Bier mid Wein, Leipsic, 1735, Thfi 
Citemical Works of Nminann Caspar, abridged and methodised, by William Lewis.: 
London, 1778. 

® See chapter on * Milk.’ ^ 

^ The Ohemish^j of Animal and Vegetable Physiology, translakd from the Duteh^ 

. by F. H. Fromberg. Edinburgh, lS45t 
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§ 32. There was pufilished/in 18^v, ti, wui-jt un wie uuuii/t'ruLion oi iooa| 
by Frederick Acenm,^ wliicif is idbietimes inacciirutoly referred to* by 
writers of the present djiy as Dealh in the Pot. Accuin, liowevcr, wrote 
no work bearing tiiat title, which belongs properly to a little book 4)y an 
anonynions writer, to bo noticed presently. Acciiin’s work, {ip])earing just 
at a time wIkii several brewers had been fin<W heavily for having in their 
possession illegal substances, and being reviewed most favourably by the 
press, exercised a very gieat influence on the public mind — the more so as 
it was written with considerable ability and knowledge of the subject. 

After giving a general review of adulteration, and proving that it was 
a widespread evil, aftecting more or less every industry — that woollen goods 
were adulterated with cotton, sotip with clay, paper with })laster of Paris, 
provisions of all kinds with a number of worthless, or actually injurious, 
suhstauc^s, that even hardware, such as cutlery and the like, did not escape 
— he is surprised at tlio great ingenuity applied to sucli had purposes. 
“The eager and insatiable thirst for gain,” ho o]>scrves, “which seems to 
be a leading charaeteristie of the times, calls into action every human 
faculty, and gives jin irresistible impulse to the power of invention, and 
where lucre becomes the reigning principle, the possible sacrifice of a fellow- 
creature’s life is a secondary consideration.” From generalities, Acenm 
then proceeds to describe more or loss minutely the fraudulent tricks of 
each particular trade : “ 'J'lic baker asserts that he docs not put alum in 
his bread, but he is well aware that in purchasing a certain quantity of 
flour, he must take a sack of ^ sharp whites,’ a term given to flour contami- 
nated with a quantity of alum, without which it would be impossible for 
him to produce light, white, and porous bread from a half-sf)oiled sub- 
stance.” He also states that the bakers used a powder technically called 
‘stun/ consisting of one part of alum in minute crystals and three parts 
salt. 

In speaking of brewing frauds he siipi>ort8 his assei’tions by reference 
to actual convictions taken from the papers of the day, and he cites among 
others the King v. Kichard Jlowman, Timr.% May 18, 1818, in which the 
defendant, a brewer of Wappiiig, w'as convicted of having a substance called 
‘ niulturn ’ ^ on his premises, and fined £200 ; and the King v. Luke Lyons, 
in which the defendant was convicted of having various deleterious drugs 
in his brewery, among which were capsicum and copperas, and fined £420. 

From these and similar trials and cases, he gives a list of the adultera- 
tions in use by the brewers, among which figure multum (just mentioned), 
cocculus indicus, sold to tanners and dyers under the name of * black 
extra'^t,’ and 4>ittoru,’ composed of calcined sulphate of iron, extract of 
cocculus indicus, extract of quassia and Spanish liquorice — a compound not 
much dissimilar from some of the ‘hop substitutes’ of the present day. 
He also gives a list of the publicans onvicted, between 1815 and 1818, of 
adulterating beer; these cases were nineteen in number; hut the only 
adulterations proved seem to have been ‘salt of steel,’ which was doubtless 
Bulpl ato of iron, common salt; molasses, and the mixing of tabic beer with 
strong beer. The fines ranged from £5 to £400. 

In a notice of Mr. .Aocum’s work in No. 156 of the Literary Gazette^, 
there occurs the following passage, which may servo as an example of the 

^ Treatise on th^ Adultcrat'Um of Food and Oalinary Poisons^ eorhibtting lk$ 
Fraudulent Sophistwation of Pioead, Beery Wine, Spiriluotis Liquors Tea. Coffee, efc,.' 
l)y Froderick Acoum. London, 1820. * 

* MuUum, a mixture of extract of quassia and liquorice. 
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spirit of the press : — “ Devoted to disejise '6y bak^r, butcher, grocer, wine 
mefchant, spirit dealer, cheese-inongdri*} pastry cook, and confectioner, the^ 
physician is called to our assistance. But here again the pernicious system 
of fr&ud, as it has given the blow, steps in to defeat the remedy. The un- 
principled dealer in dnigs and medicines exerts the most potent and 
diabolical ingenuity in sophMicating the most j)otent and necessary drugs 
— Peruvian bark, rhubarb, ipecacuanha, magnesia, calomel, castor oil, 
spirits of hartshorn, and almost every other medical commodity in general 
demand, and chcjnical preparation used in pharmacy.” 

A few years after Aeciim’s work a small duodecimo appeared, familiarly 
known under the name of Dvath in tJie Pot^ but the full title of which 
was — Dvndhj Adultemfinn^ and Shiv Poisoniwjf and Death in the Pot 
and the Huttle^ in which the hJood-empoimnvaj and Hfe-destroijnig adidtera- 
tiom of wiv£.% xjiiHts, htend^ jfioui\ fed, apires^ vhffiaonnongeryy 

pastri/y confertioncriij medlrines^ dc , , are laid open to the piddie^ with tests 
or methods for ascertaining awl deteding the framhdevt and deleterious 
adulterations, and the good and. hail qualities of those articles, with an 
expos^ of medical empiricism and, imposture, (piacks and quackery, regular 
and in’egular, legitimale and ilhgitimale, and the Jrautls and malpractices 
of pamiljTokers and, madhouse keepers. By an enemy of fraud and villany 
London.' This little hroehure of 137 pages, written in a popular stylo, and 
rejoicing in a startling title, enjoyed a largo circulation, and, despite its 
small intrinsic merit, Icwl more infliieiico on the ])opiilar mind than any 
similar work that had over appeared. As may be expected from the title, 
the book is grossly sensational, and in speaking of water, the author says : 

“ The filthy and unwliolcsomc water supplied from the Thames, of which the 
delicate citizens of Westminster fill their tanks and aboma(;hs at the very 
spot where one hundred thousand cloacime, containing every species of 
filth and all unutterable things, and strongly impregnated with gas, the 
refuse and drainage of hosi)itjils, slaughter-honses, colour, lead, and soap 
works, dnig mills, manufactories, and dunghills, daily discharge their 
abominable tsoutents, is so fearful that we see there is no wisdom in the 
well, and if we then fly to wine we find no truth in that liquiil. Broad 
turns ont to be a crutch to help us onward to the grave, instead of being 
the staff of life. In porter there is no support, iii cordials no consolation, 
in almost everything poison, and in scarcely any medicine cure.” In 
another place he ascribes the sudden deaths of people in the streets, etc., 
to the adulteration of their food. Among the sophistications of beer he 
enumerates, following Accura, cocculus inciicus, St. Ignatius bean, nux 
vomica, tobacco, and extract of poppies. 

'No date, but probably about 182.''’. A small Latin work, with a somewhat similar . 
title, had betjii published about a ^‘eutiiry previous. Mors in OUa, sm metallieum 
e&ntagiuyi incihorim, }>otnum c-t mcdieMtsrutorum. Schulze ; 1722. This is, however, 
of but little merit, and only points o\it the daiifjer of metallic contamination by articTea 
cooked or pTcsoi‘Vfi<l in cojn>or vessels. At the end is the following 

“ JTen' Anhalt zeigt dotj Tod in Tdpfen 
Das ist ersclu-iieklich • ■^och dabey, 

Lehrt er ! ans welchen QruJ^d man schbpfen, 

Soli Gegenmft und Artzeni'y, 

Wodurch er dann giebt doutlwh zn erktmnen 
Dass man ihn bald mil Ruhimwinl Doctor nennen.** 

Tliere were besides other ‘ Deaths ’ ; as for exanijde — Hors in vitro mi Icihiffsra vini 
tulvsti dnmjM ex sola ejusdem astrivffcmli virtuH coiUraheia, N. B. Noel. 1709. A p<^. 
tract, full of words, and olfering nothing new. 
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§ 33. About nine yArs afdr Aocum’s book bad been publiKhea in 
•England, A. Biissy and A. f. Boutrfjf-Charlard publishcKi in France a w8rk 
of considerable merit on the adiiltewition of drugs, ^ the arrangement of 
which is strictly alphabetical. In the preface, the authors assert that the 
great development in the art of adulteration had taken place particularly 
since the wavs of the Kepublic and the establishment of the Continental 
system, and that it was due more especially to the actirm of the govern- 
ment, who ciioouraged the use of products of home growth, in coiiscfpience 
of whicli roots grown in France were being substituted for those of foreign 
origin. Chestnut bark, French rhubarb, nnd poppy were proposed io re- 
phxce the quinine of Peru, tlie rhubarb of China, and the opium of the 
Levant. 

IJarnier and Harel, in 1844, published their treatise,^ a well-written 
work, mdtlerate in tone, and without exaggeration. A great miml)er of 
tl)c chemical reactions and tests iriontioiicd by them are in actual use at 
the present time. Two years later, J. 1>. Friedrich, in Germany, published 
his observations on the same subject.® The arrangement of Friedrich^s 
work is alphabetical. He paid much attention to the composition of 
diseased milk ; and although, he made little, if any, use of the microscope, 
the chemical details of the work are superior to any that had liitherto 
appeared (see article on ‘Milk’). 

§ 34. About the same time, after more than twenty years liad elapsed 
since the publication of any English work — Accum’s being the hist — the 
subject of adulteration was revived liore by John Mitchell,'* wlio published 
what must bo considered a very useful volume, although many of the 
tests he gives would scarcely stand the ordeal of a court of justi(uj at the 
})resent day. Ho states, e.r/., that if an infusion of tea, treated with 
sulphate of copper, and heated, throws down a copious chocolate j)rccipi- 
tate, ‘hawthorn’ is present; if the infusion becomes qf a bright green 
colour on adding caustic soda, sloe leaf® is probable; but if, on the 
addition of acetic acid, the solution possesses a very bright colour, ‘its 
presence is certain.’ Mr. Mitchell’s confidence in those reactions is 
amusing ; but on the other hand, the greater number of his observations 
are still valid. 

§ 35. In 1850 Chevallier issued his dictionary of adulteration,® which, 
through successive editions, has from the time of its appearance been, 
par exccUence^ the standard French work on the subject. Many years 
before the publication of his groat work, however, M. Chevallier had 
practically studied the question, as is proved by documentary evidence, 
and by his numerous representations to the Government on the necessity 

J’ Tf(tiU dc$ 7no]/ens de reconirnttre les fahijleations des droguei simples et eomposSeSf 
by A. Bussy et A, ¥. Boutron-Cliurlard. Pai-.s, 1829. 

* JOes fadsijimkims des mhstaws alim.n''urcs ^ des nuvycns ehimiqiiea dr. les reexm- 
naUre^yy Jules Gamier et Oh. Harel. Paris, 1884. Small 8vo. 

* hrmlbwh der OesundheUsmlizeiy der SpeiscUy Gelrdnke^ und der zu ihrer BereUung 
gehrdwHichsten iTigredieiUen, edited lyj. B. Friedrith, Anhbach, 1840. 8vo. 

* Treatise on the Fijd,sifi(xdkm of Food^ with the Cheinicdl meajis emphnyrd to deteU 
ihemr, by John Mitchell, F.O.S. Loudon, 1848. 

* The belief in the adulteration of tea by the leaves of the sloe Is almost contompo-' 

laneoos with the introduction of tea itself into England, and there am numei'ous allusions 
to the practice scattered throughout the various fugitive contributions to literatnte. 
jjSowevar, that tea has been actually adulterated with sloe leaves rests on no 
Mdence worthy of considerationa ' 

* DicUommiTe des aU^rations et des falsifications des substances dlimentairet. 

U. A. Chevillier. Paris, Ist ed., 1860, ■!' 
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of ^mending the law. In a petition preseWd t<f the National Aaaembly 
in. 1848, he says^: “Since 1833 liavtj constantly addressed to the 
Chambers of Deputies petitions on the same subject, but these petitions 
havd'ever been abortive, and fraud has progressively augmented.’^ The 
first edition of liis dictionary, written in a clear style, conhiined an excellent 
rkmv'. of what was already known with regard to Iklsifi cations, and 
besides, was enriolied with many new facts — the result of a long 
experience. 

In the same year, 18.^0, Alphonse Normandy, who publislied the 
results of thirtooii years’ labour in a Handbook of Gooimerdal AnalysiSy 
was one of tlie first who recommended the use of the microscope for the 
detection and discrimination of starches : “The admixture of potato flour 
or fecula with wheat flour may ho very well detected hy the mici’oscope,” 
p. 210. Tlie scope of his work embraced not only the aualysss of food, 
but also the exannuation of a variety of commercial substances,- such as 
ores, agricultural mauures, soajis, etc. The arrangement is alphabetical ; 
successive editions have brought the work to the present time. 

§ 3G. A year after the appearance of Normandy’s Egtdish and 
Chevallier’s French works appeared the papers of Dr. llassall, in the 
pages of the Lanmt^ as already mentioned. Tlio publication of these 
papers marked a now era in legal medicine and the investigation of food, 
and the technical application of the micTOscope was fully developed in 
the English use. It was not so, however, among Coiitiiiontal chemists, 
for Hurcjiux, in his IJiafnlro dc.s Fah!firation,% published in 1855, scai’(5cly 
mentions the miorosco[)c, although, so far as chemical tests go, his work 
leaves nothing to be desired. This is the more curious, since tlio .author 
was aware of the evidence given before the select committee, as is obvious 
from more than one reference. * 

§ 37. In 1874 a movement took place in England, the eftcct of which 
has been to give an extrjiordinary stimulns to analytical chemistry — viz., 
the establishment of the Society of Public Analysts. The movement 
originated with a few of the leading analysts, who, after one or two 
private meetings, (jailed a general gathering, which all those engaged in 
actual practice were invited to attend. This meeting took place at the 
Cannon Street Hotel in August 1874; and in a few months the society 
was fully organised, and a definition of adulteration within certain * limits * 
had been laid down as follows for the guidance of members : — 

DEFINITION OF AN ADULTERATED ARTICLE. 

An article shall bo (ieemod to bo adultciuhjd — 

A. In the case of food or drink : — 

1. If it contain any ingredient which may Tender such ariiclo injurious to the health 
of a consuTuer. 

2. If it contain any subatanco that sensibly iiicn^ases its weight, bulk, or strength, 
or gives it a fie.titious value, unless the amount of such Bimstance pi*e8ont bo clue 
to circumstances necessarily appertaining to its collection or manufacture, . or be 
necessary for its jireservation, or unless tlie presence thereof he acknowledged at - 
the time ot sale. 

8. If any imiioi-tant constituent has been wholly or in |)art abstracted or omitted, 
unless acknowledgment of suoli abstraction or omission he made at the time 
of sale. 

4. If it bo an imitation of, or be sold under the name of, another article. 

c , 

' VitUivn mr 7es falsifications^ adressie a V (memhlic nationale, hy A. ChevalHer. 1848. 

* A Hamlhitok of Commercial Analysis, by A. Normandy. London, 1860, ’ 
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B. Ill the case of drum : — 

* medicinal piirpctefh'^'Tindor a name mjognisjid hi the Britii9li 

PharmacojKPiu, it be not equal in strength and purity to the standard laid down 
in that woi‘k. 

2, It when sold under a name not recognised in the British Pharmacopaiia, it dilFer 
materially from the standard laid down in appmwed works on Materia Medica, or 
the professcil standard under which it is sohl. • 


LIMITS. 

Tlie follow’ing shall bo doomed limits for the rosj)ectivo articles referred to : 

Afilk shall cmitiiin not less than 9-0 j)or cent., by weight, of milk solids not fat, and 
not less than 2*5 j)er cont. of butter fat. 

AHlh shall contain not less than 9*0 Tier cent., by weight, of milk solids 
not fat. 

BvUer shall contain not less than 80*0 per cent, of butter fat. 

Tm shallinot contain more than 8-0 per cent, of minersil matter, e^lciilatod on tho 
tea dried at 100'* 0., of which at least 3*0 per cont. shall be soluble in water, and 
the tea as M shall yield at least 30*0 i»er cent, of extract 

Cocoa shall contain at least. 20 jioi- cent of cocoa-fat 

Vincfjar shall contain not Ic.ss than 3'0 per cent of acetic acid. 

§ 38. The ‘ I’rocfiediugK,’ which appeared first in the Chemical Newe^ were 

afterwards published in the sjiecial organ of the Society— the Analyst 

throughout the pages of which will bo found details of numerous pro- 
cesses, di.scoverios, and improvements in practical chemistry, which it is 
certain would, for the most part, not have boon invented or known, liad 
there been no .such oiicou raging organisation. Witli this brief account of 
the cstahlislimont among ns of the Society of Public Analysts, we may 
bring our sketch to a close. 


VI.-TTIE PRESENT LAW IN ENCLANT) RELATIVE 
TO ADULTERATION OF FOOD. 


The Salk of Food and Dmms Act, 38 and 39 Vict. c. 63, 1876; Sale of Pood 
AND Druos Acts Amkmdment, 1879, 42 and 43 Vict. c. 30 ; Thk Margarine 
Act, 18^7, 50 and 51 Vicrr. c. 29 ; The Salk of Food and Drugs Act Amend- 
ment^ 1889, 62 AND 63 Vict, c. 61 ; Buitku and Margarine Act, 1907, 7 Ed. 


§ 3ib The preamble of the ‘»Sale of Food and Drugs Act* repeals the 
Acts in force relating to the adulteration of food. 

Section 2 of the 1875 Act defined the term food to include every 
article used for or drink by man, otlier than drugs or water, and the 
term drug to include every mediciut. for external or internal use, and 
section 26 of the 1899 Act expressly ended the definition to flavouring 
matters and condiments. 

Section b of the 1875 Act. No person shall mix, colour, stain, or 
powder or order or pemit any other person to mix, colour, stain or powder, 
9^ article of food, with any ingredient or material so as to render the 
irticle injurious to healt|), with intent that the same may be sold in that 
state j and no person shall sell any such article so mixed, coloured, stained 
or powdered, under a penalty in each case not exceeding fifty pounds for 
first offence : Every offe^e after a conviction for the first offence shall 
be a misdemeanour, for whielf the person, on conviction, shall be imprisoned 
for a period not exceeding six months with hard labour. 
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„ Section 4 is very similar to thjC to drugs: “No peraoii 

shall, except for the purpose of comi)«und: ^ hevehiafter described, mil; 
colour, stiiiii, or powder, etc., etc., any dri ^ ingredient or materia 

so as to aftbet injuriously the (puJity or Jtenev of such drug, with inteni 
that the same may be sold jii tliat still I , gl,glV gel] any sucl 

drug so mixed, coloured, stained, or r' , , the shmo penalty ii 

eiich case respectively as in the prcceif . ^ g^gt and subsequen 

oftence.” * » ’ 

The sections above quoted, formidal appear, possess in reality 

no deterrent powers, but arc perfectly ‘ gi„„e no prosecution is 

likely to succeed under tlicse sections, supported by very 

exceptional circumstances ; for the next sect.^^ oxiiressly provides that no 
conviction is to bike place if the person accu..^^ ^ot know of the 
^-rticle of food or drug sold by him being so colon re(V‘staincd, or 

powdered,” and were able to show that he “couk^’j^^^ rciisonahlo 
[iiligcnco have obtained that knowledge.” 

§ 40. The real working sections of the Act are the folix. ,ving : 

Section 6. JSIo poreon shall sell, to the prejudicfi of thf‘ pu.*,.\amT^ any 
article of food or any drug ^ whicli is not of the nature, substaucv*, and 
quality of the article demanded by such j>ur(}liaKer, under a penalty nui^ 
sxcoeding twenty pounds, 2 provided that an offence shall not he deemed to 
be committed under this section in the following cases, that is to say : — 

1. Wliere any matter or any ingredient, not injurious to health, has 
been added to the food or <lrng, because the same is re(piircd for the prev 
duction or preparation thereof as an article of commerce, in a state fit for 
sarriago or consumption, and not fraudulently to incrense the bulk, weight. 
Dr measure of the food or drug, or concosU the quality thereof. 

2. Where the drug is a propriotify medicine, jpr is the subject of a 
patent in force, and is supplied iu the state required by the specification of 
the patent. 

3. Where the food or drug is compounded as in this Act mentioned. 

4. Where the food or drug is unavoidably mixed with some extraneous 
[natter in the process of collection or preparation. 

In tho amended Act, the second section, 42 and 48 Viet. , c. 80, states that in any 
pmsecution under the l)ro^'isiolls of the principal Act for selling to tho prejudice of the 
purchaser auy article of food or any drug, wliinh is not of tho nature, etc. , it shall be no 
lefencj’ to any such prosecution to allcg«3 that the purchaser, liaving bought only for 
inalysis, was not prejudiced by such fuilc. Neither shall it be a good defence to prove 
that the aitiele in question, tliuugh defective in nature or substance or quality, was not 
iefeotivo in all tln-ec respects.* « 

^ The case of Diokins v. Randeraen, King’s Bench Division, TimeSf Jan. 80, 1901, 
wtablisbes tho princij)1o that if a dnigisin the Phannacnp<i4a and that drug isask^ 
for, it is an oifeuce, under section 6, to supply the sanjo drug of a diffei-ent stren^h or ' 
standard to that of the British Pliaimacopoeia. In the case of Fowle v. Fowle, 
80 J. P. 768 Q. H. D., adulterated beeswax sold by a grocer was held under the special 
riroumstanoes of the case not to be a drug, alihougli mentioned in the P. B. 

^ In tlie amended Act of 1899, by section 17, a second offence ts punishable by a fine 
of £60 or less ; a third or subsequent offence, of £100 or less. The second or subsequent 
offences may under certain circumstances be punishable by imprisonment, with or with- 
out bard labour, for a period not exceeding three months. 

^ Mr Justice Mellor, in the case of Hoyle v. Hitchuiau, L. R. 4 Q. B. D. 230, 48 J. P. 
181, gave a judgment clearly expi'cssing the meaning of prejudice to the purehoaer. 
"The offence intended to be prevented by the Act was the fraudulent sale of artiolos 
adulterated by the admixture of foreign substances, which would necessarily be to the 
prejudice of the nurehaser, and these woi-ds were inserted only to require that such, 
^ultcration should be shown to have been made ; and further, if the purchaser teks for> 



5 LAW IN ENGLAND RELATIVE TC^ ADULTERATION! 

* . - T- 

amended. Act ij»,.to be read with the sixth section of the 
plhncipal Act, for it stotes that in determining whether an ollence has been committed 
njider swtaon six of the said Act, by selling to the prejudice of the iiurcliasor siurits not 
adultera^ otherwise than by the admixture of water, it shall bo a good defence to wove 
that such admixture has not reduco«i the spirit more than twenty-five degrees under 
proof for brandy, whisky, or rum, or thirty-live degrees ^iider proof for gin.”^ 

Section 7 of the principal Act cuacta that “No person shall sell any 
compound article of food, or compounded drug, which is not composed of 
ingredients m imcordanoe with the demand of the purchaser ; penalty not 
excoeciing “ 

S«otion 8 provides “That no person slu.ll bo guilty of any such offence 
as aforesaid m rospeot of the sale of an article of food or a drug mixed 
with any nmttor or ingredient not injiu-ions to licalth, and not intended 
traudnlently to iiicreaso its bulk, weight, or measure, or conceal its inferior 
quality, if at tlio time of dehvoriiig such article or drug ho shall supply to 
Uie person rcceiv iig the same a notice by a lalad distinctly and legibly 
written or prinlwl on or with the article or drug, to the effect that the 
same IS mixed. Ihis lalad, by the 12th section of the 1899 Act, is to be 
legibly written or priiitiii, and not obscured by other matters on the label. 

Section J enacts “That IK) person shall, with the intent that the same 
may be sold in its .altered state without notice, alistract from an article of 
foixl any part of it so as to affect injuriously its quality, sulislaiice, or 
nature, and no porsoii shall sell any article so altered without milking dis- 
olosiire of tlic alteration, under a penalty in eacli case not exceeding £20.” 

the chief hxipliolos which offenders against Iho Act hayo 
•n’*'ii themselves of is the laM section, Section 8. A label 

® ‘lescriptioii of the article in iargo letters, such as COCOA, 
COk 1 EE, etc., and then in imsorably .small type a statement that the 
art ok IS mixed. In the case of Liddiatd v. Recce (44 J. V. 22;}), a grocer 
W sold half a pound of a mixture of coffee and ohicoiy to an iusptotor : 
the mature wim contained in a canister, and was duly weighed, and the 
full pnoe of coffee was paid for it. After the sale had been completed, the 
SvZ'”' that he intended to have the article 

appellant called the purchaser’s attention to the laliol, on which the 
girchasor noticed for the first time the words, “This is sold as a mixture 
Mid coffee, printed m distinct and legible chanicterB, The 
Th! ™ fJ'Jsition on the outside of tho packet 

‘coffee,’ and not for 

moo^ and coffee. The mixture was found by the analyst to consist of 
60 eoff^ and 40 parts chicory. On the Lring of the caTwo^ 

^^Th^St following grounds:— 

The fact that the purchaser asked for coffee and was supplied witli an 

t 

i» ami this ^as a sufficient argument against such a 

drilt “'ri»l all conviction, for 

^ in the proiwr register of licenses and mnv ha 
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article coiiHisting of only GO per cei^t^ coffop and 40 per cent, chicory/ with- 
out having his attention called to the label ; and without, in fact, seeing 
it until the piircliase was completed, and also the. fact that the price he 
paid for the said article was a usual and fair price for pure cotlee, and 
much more than would ha>^e been givt'ii for coffee mixed with chicory to 
the above extent .... and that, therefore, the appellant, was not protected 
by the said eighth section.” 

On ap} 3 cal the conviction was ailirmcd. In Petchey v. Taylor, 62 J. P. 
360, Q. 1>. D., a conviction for selling condensed milk in a tin, tlio label of 
which sUted the milk was skimmed, whereas the milk was scpiratod, not 
skimmed, was affirmed ou appeal. 

Tlieip is also a smiilar decision in the case of flouler r. Meddings, 44 P. 234.* 

In Jones v. Jones, 58 J. P. 132, it was decided that it was not 
necessary to call the buyer’s athmtioii ti> the l:d)el, prf)vided tlic label is 
distinct and that then; is no fraudulent concealment as to the low quality 
of the article s(jld. The case was that the vendor sold a mixed cocoa, the 
pjujket being legilJy labelled as a mixture, and it was held that the seller 
was protected by such label. Any verbal (hjclaration is no protection 
unless it is uttered before the sale is eomph'tcd. Tlie sahs, again, is 
evidently not completed until the go(Kls are delivered into tlu^ purchaser’s 
hand, and the vendor has received tin* money. Should a person buy any 
substance in a shop, and (after having tendered his money, and the same 
has been accepted) proceed to state that the article is rerjuired for analysis, 
and the vendor then attcmi)t to return the money ; if the purchaser does 
not accept the money, the sale is evidently coinj)lote. On the other hand 
— an inspector wont into a druggist’s shop and asked for (piinine wine. 
The chemist served him with the wine, wrapped it up, and laid it on the 
counter. The inspector then ])rfKliiced his bottles, and declaring the 
nature of his errand, was about to divide the wine into tliiee parts, when 
the druggist seiztHl the bottle and refused to sell the wine, which, a 
moment before, by his actions ho seemed ready to do. In this case, the 
sale wtis not complete. But now, let us suppxsc that the inspector had 
been a little quicker than the chemist, and seized the sample, and, not- 
withstanding the expressed refusixl (»f the druggist to sell, the inspector 
had cast his money on the counter — Would the drug have been sold? 
This question is somewhat difficult to answer, but we think that it would 

* This case probably overthrows the case reported in tl»e Times^ June 8, 1879, Gibson 
V. Leaj)er, a proseeution underbikcii under tbo old Act, 35 and 36 Vic,, c. sections 
2 and 3. On conviction tlie viuidor appealed. The ca«‘ was that of a Spalding grocer, 
who sold a riacket of ‘ lCp})s’H (^ocoa ’ without making any verbal statement of its 
contents. The packet w'as labelled with the w'ords “pi-epaivd cocoa — for ingredients, 
see the other siuo,*’ and on the other side was a iiotiJicatioii to tlio effect that it was 
nee-essary in order to make t he oil in the cocoa soluble and easy of digestion, to combine 
with it anwroot and sugar. The, court quashed the conviction, holding that assuming 
the cocoa to be adulterated, it had not been sold as unadulterated. In the case of Pope 
V. Tiu'le (43, Law Journal), May 28, 1874, the Justices of Weilfoi-d dismissed a summons 
for selling adulterated mustard, and the purchaser apfiealed. It was stated in the case 
that at the time the respondent doliverea the mustard to the appellant he said: “I do 
not sell you this as pure miistaid.” Tlie mustard was found to lie the common mixture 
of flour and mustard. Lord Coleridge, Mr Justice l»rctt, and Mr Justice Grove were 
undivided in their o])inion that the seller Wfcs entitled to their judgment on the gitiaud, 
of his having declared to tlie purchaser that the mudaid uras mixed with some othet 
ingredient, and that, oven had lie not done so, he could not come within the section to 
incur the jienaliy, bcHiause if the admixtui'e was such as to make it an adulterated article 
Istill he had not sold it as an unadulterated article. 
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liavG been a sale, and, if* adultCiUtion had becrf'^mved, the vender won’l 
probably not have escaped thror.gh ^fljpting the defence that there iia^ 
been ‘no sale.^^ 

§ 43. I’here is an important question as to how far a vendor cangbe 
protected by having a board in or over his shop or place of business, giving 
notice to the eij^i'ct that all the goods are tidulteffated. 

The English law is made for those who cannot read as well as for those 
who can : and presuming a purchaser to be uneducated, the notice gives 
him no information. Again, it is certain that a very large number of 
j>urchasers, even should the notice be in a conspicuous place, fail to observe 
it. In most cases in actual pra(;tico such notices arc distinct 'evasions of 
the Act, being incons[)icuous, and in dark corners. 

A sclle»’ of milk had :i van on which a notice was placed, “ Country 
sl<imm(xl lu Ik, sokl as adulterated milk.” The man with his can went on 
foot from door to door, the van being in the road. It is evident that, in 
such a case, very few of the customers could have seen the lal)cl. An 
bispector who bi night a siunplo of the milk did not see it, and the magis- 
trate- convictwl the defendant.^ The imjxirtant appeal case of Sandys v. 
Small, 3 decided before the (k)iirt of Queen’s Bench, .liine 25, 1878, bears 
upon this and lays down the law. A publican put up a notice in his 
house: “ All spirits sold here arc mixed.” The inspector of weights sent 
a messenger to buy some whisky, which was given without anything more 
being said on cither side; but the ])urcli}i8cr admitted that before he 
bought the whisky he saw the notice, “ All spirits sold here arc mixed, 38 
and 39 Viet., (5. 63, sec. 8 and 9,” although at the very moment of buying 
the whisky ho did not see it. It was jirovod that a similar notice was 
posted at the bar window in full view of persons purchasing, Chief- 
flustice^Jockbnrn said:— “If the seller chooses to sell an article with a 
certain adniivturc, the onus lies on him to prove that the purchaser knew 
wliat ho was purchasing. With respect to the altcrati<^n of the article, 
the Act has provided .him with the means of protecting himself against 
such a presumption, and says that if he attaches to the article a notice of 
the adulteration which has been made in its (piality, then he shall be 
protected against any charge of an offence against the Act. If he does not 
resort to this protection, then the presum})tioii of law attaches,- and is 
unrehutted. If he can show that he brought home by other ways to the 
knowledge of the customer that the quality of the article was altered 
by admixture, then he docs not commit the offence, because both parties 
knew it, and the seller does not sell an article to the prejudice of the 
purcliMHfer, and the parties are perfectly free to contract on that footing. 
In that view the seller, if he has stuck up a notice, would not commit an 
offence though ho might not have efl-xed a label to the bottle, because he 
did not sell ‘to the prejudice of the purchaser.’ ... It was sufficiently 
manifest that the man who was sent to buy the whisky knew of the notice 
stuck up, aud hence it was (dear that the defendant committed no offence.” 

Frrm this judgment it is sutlicieiitly evMent that where the general 
label or notice has been clearly seen and understood before making the 
purchase, then no offence is committed. The decision of Liddiard v, lleece 
does not cover exactly the same ground as the case just quoted, but both 
appear to support the view here put forward — viz., that the defendant is 

’ In any cose, the druggist jnight. have been prosecuted under sijct 17 of the 
principal Act, for refusing to sell. . 

AnalyU, 1880, p 225. , » L. R. 32 Q. B. D. 449 ; 42 J. P. 660, 
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bound t8 prove that the purchaser had tv clear knowledge of the quality of 
the goods before purchasing. f 

In Palmer v. Tyler, 61 J. P. 389 Q. B. D., a notice of general dilution 
of ifpirits was hung m a conspicuous place in a bar, a sample of rum 29* 
U.P., bought by an inspector who did not see the notice, formed the 
subject matter of a magisterial conviction. On appeal the, conviction was 
quashed. 

§ 43. Section 10 provides for the appointment of ])ublic anulysts in 
Kngland, Scotland, and Ireland, by various loe^il bodies, such as, in 
England, the Commissioners of Sewers for the City of London, the Distiict 
Gouucjls of the Metropolis, the County Conncils of Counties, and the 
Town Councils of Boroughs with a separate j^dice establisliment ; in 
Scotland, the Commissioners of Su})ply, or the Commissioners of Boards of 
Poli(U‘, or, where there are no such Commissioners, the TowiitCoiincils of 
Burghs J and in Ireland, the Crand Juries of the Counties and the Town 
Councils of the Boroughs. 

'rhese appointments must bo confirmed by a central authority, which 
in England is the Local Covenunent Board; in Scotland, one of Her 
Majesty’s Secrctiiries of State; and in Ireland, the Irisli Local CJovornmcnt 
Board. '^Phe appointment is now compulsory under section 3 of the 
Amendment Act 1899. 

The qualifications of the analyst arc, to a certain extent, defined hy the 
Act of 1875, but the amended Act of 1899 compels proofs of competency 
according to regulations made by the Lo<»il (jovcnnneiil Board, section 3 (5), 
and an order and circular issued by the T.ocal Government Board, March 7, 
1900, defines the (jualifieations as follows: — 

Every person appointed on or after the first day of .lannary, one 
thousand nine hundml, tt) the office of Jhiblie Analyst, shall furnish such 
proof as wo may deem sufficient of his competent skill in, and knowledge 
of, (n) analytical chemistry, (h) therapeutics, and (c) microscopy. 

“ Such proof shall in every case comprise documentary evidence that 
such person holds the requisite certificate, diploma, license, or document 
conferring the (pialificjition, or attesting his possession of the skill or 
knowledge to which the same applies, and granted or issued by any person 
or body of persons for the time being recognised by us as competent to 
confer such (jiialification, or to test such skill or knowledge. Such proof 
shall also comprise such further evidence as we may in any particular case 
require. 

“All such documentary evidence as is hereinbefore mentioned shall be 
furnished by sucli person to the local authority by whom he is appointed, 
and shall bo transmitted to us hy the local authority when applying for 
our approval of the appointment. 

“ Provided that nothing in this regulation contained shall, in the case 
of any person who was appointtul to the office of Public Analyst with our 
approval, between the first day of January, one thousand eight hundred 
and ninety-one. and the date hereof, or of any person who is so apjwinted 
for the first time after such last-mentioned date, apply upon any subsequent 
appointment of such jiersou to the said office.” 

“ As regards the reference in the Order to a person or body of pcrsonB 
whom the Board may from time to time recognise as competent to oonfer' 
^ the requisite qualification, or to test the skill or knowledge of which proof 
is required by the Order, the Board may state that it would accord with 
their existing piuctice to accept os sufficient documentary evidence of the 



^ UEk r¥ UY j:< iLF ■\JUJ.<A>X l. f U XV 4.X/U JUX I.av/Jl* ' 

requisite qualification” ifhder tlJe Aqts the Diploma of PclltJWsliip or 
Associateship of the Institute of Cht^lstty of Great Britain anil Ireland, 
together with the Certificate granted by the Institute after an examination, 
conducted by tliem on lines approved by the Board, in thera])cutic8, 
pharmacology, and microHcopy.” 

“The posMcssion of a diploma as a registered medical practitioner is 
accepted as sufficient proof of competency in microscopy and therapeutics, 
and it would only be necessary that a medical practitioner appointed as a 
public analyst should furnish evidence of competent skill in, and knowledge 
of, analytical chemistry.” 

“ Evidence of skill or knowledge on the part of a candidate in respect of 
any of the qualifications referred to as reipiisite, whicli is tendered by an 
individual, must be from a jiorsou recognised as entitled to sjiniik with 
authority to proficiency in tlie particular qualification in (pieslioii.” 

The eleventh section distinctly lays down the principle of combination, 
enacting that tVie town council of any borough may unite with that of any 
neiglibouring borough in appointing an analyst jointly; or the analyst for 
the county in which the borough is situated may act upon arraiigcrnont as 
analyst for their borough. Those who are practically acquainted with the 
subject know tliat it is only in the largest and most populous places in 
England that any kind of living can be made out of a public analytical 
appointment Hence it follows that an analyst for a small place must 
either have private means or that his chief occupation must be of a more 
reiniinorative nature ; it is, therefore, highly desirable that the analysis of 
foods and drugs should be in a few hands only, and that an analyst should 
hold many ayipointments of the same nature. In this way, and in this 
way only, will it be possible to have properly-fitted laboratories, sui)plied 
with all the expensive appliances of modern research, and in this way only 
will it be possible to improve the processes of analysis. It is also a fact, 
from the very few cases in wljich an experienced analyst has to attend as 
witness, that there would be no inconvenience, wei*e all the northern, 
counties to have their samples analysed at Sheffield, Manchester, or York; 
tlie western and south-western counties at Bristol ; and the rest of England 
at the London laboratories. Probably also the whole of the Scotch samples 
could be dealt with in (Glasgow and Edinburgh, aud the Irish, in like' 

. manner, in two of the chief cities. 

§44. Section 12 of the principal Act provides for the purchase of' 
samples by any purchaser for auuiysis by the public analyst for the district^ 
in wliich the purchase is made, on payment to such analyst of a sum not 
oxceoding ten shillings and sixpence ; or if there is no analyst aj)pointed. 
for the district, to the analyst of another place. In this latter case the fee 
appears to be a matter of private arrangement, for the words of the Act 
ftw — “such sum as may be agreed uyjon between such person and the 
analyst.” In either case, the analyst must give a certificate of his results 
to the purchaser. Whether the purchaser is bound to ynirchase the article 
in th' manner directed in section 14 is still «n undecided point. 

It is evident that, for legal puryDOses, the official analyst must bo 
Omplpyed, and that under the Act no prosecution can be undertaken 
except on his certificate. Thus, at the Manchester Police Court, thei 
InBlk-Dealers’ Protection Society attempted to prosecute on the certificate 
of a private analyst, but on this technical ground alone the magistrate 
f .dismissed the case.^ • 

^ ^ Amlyvt, 1879, vol. iv. p. 74. 
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There is no authority ^ven by the Act for a Public Analyst himself to * 
6.^point a deputy. At Bristol the afiaiyst Suffering from illness deputed ad 
analyst in a neighbouring district to do his work. The deputy certified 
to tfae adulteration of a sample of milk. The defendant took advantage 
of this omission in the Act and successfully disputed the power of an. 
analyst to a))point, even under the circumstance of illness, f. deputy to do 
his statutory duty. 

Whether this case should have been otherwise desiided on appeal is not 
clear, for the next section gives power to a purchaser to take a sample to 
‘ the analyst of another place ’ should there be no analyst ‘ acting for such , 
place'; and it might bo reasonably argued that an analyst disabled by 
illness is for the time ‘ not acting for such place.' 

§ 45. The thirteenth section of the old Act and the third section of 
the amended Act should bn road together : — ^ 

. “ Any medical officer of health, inspector of nuisances, or inspector of 
weights and measures, or any inspector of a market, or any |)olice-con stable 
under the direction and at the cost of the local authority appointing such 
officer, inspector, or constable, or charged with the execution of this Act, 
may procure any sample of food or drugs, and if he suspect the same to 
have been sold to him contrary to any provision of this Act, shall submit 
the same to be analysed by the analyst of the district or place for which 
he acts ; or if there be no such analyst then acting for such place, to the 
analyst of another place ; and such analyst shall, upon receiving payment 
as is provided in the hist section, with all convenient speed, analyse the 
same and give a certificate to such officer, wherein he shall specify the 
result of the analysis." 

By section 3 of the 1879 Act, the same individuals “may procure at the 
place of delivery any sample of any milk in course of delivery ^to the 
purchaser or consignee, in pursuance of any contract for the sale to such 
purchaser or consignee of such milk," and by section 10 of the Act of 
1899, a sample of milk “ or of margarine or margarine cheese forwarded by 
a pblic conveyance, the person taking the sample shall forward by 
registered parcel, or otherwise, a portion of the sample marked, and sealed, 
pr fastened up, to the consignor if his name and address appear on the can 
or package containing the article required," 

Section 4 of the 1879 Act provides a penalty for refusal to submit 
samples of milk to be taken, of a sum not exceeding £10. 

Section 17 of the principal Act also provides a penalty not exceeding 
£10, for refusal to sell to the persons appointed to carry out the Act any 
** article of or any drug exposed for sale, or on sale by retail on any 
premises, or in any shop or stores. The purchaser shall tender the price 
for the quantity which he shall require for the purpose of analysis, not 
being more than shall be reasonably requisite." 

Any street or place of public resort is held to come wdthin the meaning 
of this section. 

It is perfectly clear from the sections quoted, that if a sample be taken ' 
.of milk in transit, that sample must be taken at the place of,delivery. If, 
.lor example, a milkman is driving his cart through Oxford Street, it would 
not be legal for an inspector to stop the cart and require a sample of the . 
'milk. The sample must be taken at the place where the milk is delivered. • 
This may be a house, or it may be a railway-station, or it may be a public' 
booth where the milk is sold at so much a gla^. 

-Previous to this amendment of the law, according to the case of 
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V Hall,^ it was not nficessarj* to divide the sample at the^pince 'd^’ 

delivery. • ^ 

§46. Section 14 fully details the method to be pursticd by any 
purchaser under the Sale of Food and Brugs Act. • 

The person purchasing any article with the intention of submitting 
the same to l) 0 »analysed, Ediall, after the purchatfB shall have been completed, 
forthwith notify to the seller or his agent selling the article, his intention 
to have the same analysed by the public analyst, and shall offer to divide 
the article into three parts to be then and thei'e separated, and each part 
, to be marked and sealed up or fastened up, as its nature will permiti and 
sliall, if required to do so, proceed accordingly, and shall deliver one of 
the parts to the seller or his agent. He shall afterwards retain one of 
the said j)artH for future comparison, and submit the third part, if he deem 
it right to nave the article analysed, to the analyst.^ 

Section 15. If the seller or his agent do not accept the offer of the 
purchaser to divide the article purchased in his presence, the analyst 
receiving the same article for analysis shall divide the same into two parts, 
and shall seal or fasten up one of those parts, and shtill cause it to be 
delivered, either upon receipt of the sample, or when ho supplies his 
certificate to the purchaser, who shall retain the same for production, in 
case proceedings shall afterwards be taken in the matter. 

In the case of Holder v. Scott,® heard in the Queen’s Bench Division 
before Justices Lush and Field, on the 4th of May 1880, it was made 
clear that an inspector could appoint a deputy. The case was an appeal 
from a decision of justices in the county of Stafford. An inspector under 
the Act bad deputed bis assistant to purchase a sample of coffee, which 
wiis duhr divided in conformity with the Act, and the analyst certified to 
its iidmtcration with chicory. The magistrates, however, considered that 
as the proceedings were initiated by the inspector in his official capacity, 
ho having laid the information, and having regard to. seStions 13, 14, and; 
17 of the Act, should personally have purchased the article, and the case 
was dismissed. This, Mr. Justice Field said, was entirely wrong — “It 
did not signify whether the inspector purchased by his own hand or by . 
his agent. I'heu the magistrates had decided, secondly, that Samuel- 
. Toy, being the purchaser, sliould have submitted the article to the county 

. analyst ; there again he thought the magistrates were wrong If 

the thing were properly analysed, it does not signify through whose ]^Qd« < 
the article was bought.” 

On the purchase of an article it is evidently essential to say, not on^ 

'7 iihat it is the purchaser’s intention to have it analysed, but “ analysed by' 
the public analyst,” care being taken to use the exact words of the Act. 
This objection has been several times raised with effect. When a deputy 
, t purchases samples, it would be a mistalwO for the inspector to appear and seat 
; ',ihe samples. This had better be left to the purchaser, who can then imme- 
■ diately^ or at any subsequent period, hand the samples to the inspeptor^i 
h bj wt jm they should be delivered to the analyst. It is obvious that legal - 
will be required as to the proper keeping and delivery of the sample^' 
It has been argued that the division of the sample into three pat^" 

^ means three equal parts; but there is no direction in the Act as to 

V i t. R. 62 Q. B. D. 17 ; 50 L. J. 6 ; 45 J. P. 220. 

; J A . * In a recent appeal casi» (Mason v. Oowdary) it was held that If, for ezamide, avt. 

bottles be purchased, ittis not sofficieut to give two bottles to the vendor 9 
bottle must be divided into three fiarts. 

Q. a D, 552^ 40 li. J. 78 44 J. P. 520, 705. . 



^ual division^ At the same time, shotdd the purchaser leaye with the .. ' 
-eSlleTj or keep himself, an insiifficiftm quantity for any further analysie^ 
there would be an infringement of the spirit of the Act; for the pur]^se 
.of <he division evidently is to provide against any mistake or WTong 
■interpretation of facts on the part of the analyst. Should another analysis 
.. be requirefl, it would not* be right that the seller shoiikl be put at a 
disadvantage by any marked or great inequality in the division of the 
parts ; hence it will be prudent for purchasers to divide the substance 
into three parts as nearly equal as may be, but it is unnecessary to use 
for this purpose balances or measures. 

On the seller or his agent not accepting the offer of the purchaser to 
divide the sample iuto three parts, it becomes the duty of the analyst to 
divide it into two parts. There is no direct stipulation as to when this 
is to be done, for the analyst is permitted to keep, if he chooses,' the whole, 
pntil the termination of the analysis ; but it is evidently the course most 
free from objection to divide it into two approximately equal parts 
immediately on receipt of the sample, to seal it in the presence of the 
purchaser, and deliver one of the parts to tlie purchaser. 

, § 47. Section 16^ permits articles to be sent by post after being duly 

roistered, and the Postmaster-General has made the following regulations 
with regard to the transmission of samples: — “Each packet must bo 
addressed according to the official designation of the analyst, as ‘public 
analyst,’ or otherwise ; the nature of its contents must be stated on the 
front of the packet. Any postnjuster, at whose office a packet for a public 
analyst shall be tendered for registration, may refuse to accept it for this 
purpose, unless it be packed iu so secure a manner as to render it at least 
u^ikely that its contents will escape, and injure the correspondence. 
Liquids for analysis shall bo contained iu stout bottles or bladders, which 
shall be enclosed in strong wooden boxes with rounded edges — the boxes 
being covered by stout wrappere of paper or cloth, and no such packet 
.ehall exceed eight inches in length, four in width, or throe inches in depth. 

No packet whatever addressed to a public analyst shall exceed the dinien- 
sions of eighteen inches in length, nine inches in width, or six inches in 
depth. The postage and registration-fee on each packet must be j)repaid.*’ 

§ 48. Section 18 stotes that the certificate shall be in the form set forth 
.in the schedule, or to the like effect. These last few words are important, 

,lor the analyst thereby is not absolutely confined to the certificate in the 
sehedule. Notwithstanding this, it is safer to adhere strictly to the exact 
ionn of certificate, and not to attempt to modify it in any way. It has 
|)een laid down by Fortune v. Hemson, 60 J. P. 88,. that the grounds upon 
JWhich the analyst bases his opinion mus^ |)g given : it is lujt sufficiefit to 
*ay, that a sample of milk is diluted by the addition of 20 per cent, of 
the reason why the analyst thinks that the 20 per cent, has beon' 
ftdd^iQust be stated. In certain foods — one of which is milk — the publio 
iWysts of this country have agreed upon forms of expression, the- 
|cfirtfficate for milk being as follows: — “I am of opinipn that the said 
jumble contains the parts as under : — 

Milk 

Added water, 

100^ 

TUs opinion is based upon the facts that thcFsamplc contained only...| 

^ See also sect 15 of the Act of 1899, which verbally amende this eect^b.* ■ / 



ceoit* af ,nbn-^fatty solidsT whefe^ ntormal milk contains at least S.iirp 
Siiioe the above form*of ftftificate embodies the priudfi^j| 
FcrimB V. HamoUf it is likely to stand. ^ ? 

In the case of any article liable to decomposition, the analyst tw 
certify specially as to whether “ any change has tcbkm place in the cowditntiQi 
of the article dhat would interfere mth the aMyrn^ Milk and butter ar 
specifically mentioned, but the rule would evidently apply to all food 
preserved in tins, provided the tin has been opened. It might also b 
argued that many other substances (such as wine or beer) are liable t 
decomposition; hence it will be better for the analyst to give thi 
matter rather a wide interpretation, and insert in Ids certificate th 
necessary words, if called upon to certify in reference to any substahe 
that, under any conditions, is liable to decompose. The exact words rauB 
be used, l«^r in an appeal heard at the Middlesex Sessions, October 188( 
Peart v, Edwards,^ the analyst certified that the milk was fresh whe 
delivered to him, but omitted to specify whether “ any change had take 
place in the constitution of the article, so as to interfere with the analysis” 
and on this ground the assistant-judge quashed the conviction. 

Section 19 provides for the regular quarterly reports of the analyst 
copies of which are to be transmitted to the Local Government Board. ^ li 
as in many cases, no work at all has been done under the Act, it j 
evidently the duty of the analyst to send a ‘ nil * report. 

Section 20 provides for the institution of proceedings. The A.c'* says- 
“ The person causing analysis may take proceedings.” Ho, therefore, nee 
not be the actual purchaser ; and it is usual for an inspector to take th 
summons out on behalf of the public body for which he acts. 

In all prosecutions under the Act, and notwithstanding the section jdi 
quoted the summons must be served within a reasonable time, and in tb 
case of a perishable article — e.g.^ milk — not exceeding twenty-eight days froi 
the time of the purchase, etc. The summons must statc^ the particulars < 
the offence or offences, and also the name of the prosecutor ; and it 
not be made returnable in less than seven days from the day it is serve 
upon the person summoned. 

Section 21 of the principal Act provides that the certificate ^ of ^ 
analyst shall serve as evidence; therefore unless specially requir^, b 
' need not attend. Section 22 of the Act of 1899 in addition makes lb 
certificate of a public analyst in like manner evidence. In the first M 
the defendant may, however, require the attendance of the analyst, in tG 
second the prosecutor has the like privil^e. ^ ^ 

g 49. Section 22 provides for a part of the sample, or samples, to b 
, j^lysed at Somerset House, in case of any dispute as to the correctn^ii 
.of the analysis. The sample must bo sent by order of the justices 
! a stipendiary magistrate), and would not be received if sent by -eitlrc 
^ .'party direct. The results of the offjcial analysis should be oonsideri^.j 
^ the v^ritten opinion of a referee not final but yet entitled to great weig^j 
S iction 23 provides for an appeal to Qu<»rter Sessions. 

Section 25 gives the opportunity to the defendant to prove, by wntle 
warranty, “that he hid no reason to believe at the time when he sold; I 
the article was otWwise than of the nature, quality, etc., denuuiddd 
J'that he sold it in the same state as when he purchased it.” On proof ^ 
the defendant may be discharged from the prosecution, but he Sfl 
^ 44 J. P.699. 768. 
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have to pay costs, unless he has giverunotii?e to thfi prosecutor that he will 
adopt this line of defence. ^ * r. « 

The warranty or invoice is not available as a defence, unless the 
deffSadant has sent to the purchaser a copy of such warranty or invoice 
SlSVen days after service of the summons, stating he intends to rely upon it, 
with the name and address* of the warrantor, to whom heu must send a 
similar notice. — Sale of Food and Drugs Act, 1899, section 20, where the 
•defendant is a servant of the person who has purchased under warranty 
and may use such warranty for defence. — Ih. 

In the case of Kook v. Hopley,i it was decided that an invoice containing 
a description of an article sold to a retail dealer is not such a written warranty 
as is required by section 25 ; and a retail dealer who sells an adulterated 
article in the same state as he purchased it will not, by virtue of such a docu- 
ment, bo entitled to be discharged on being summoned before a magistrate. 

. Section 26 provides for the payment of penalties recovered to the 
authority, for the purpose of defraying the expenses of the Act. 

Section 27 has stringent clauses relative to persons convicted of forging 
warranties, wilfully applying a certiHcate or warranty of an article of food 
or drug to any other article of food or drug, the giving of a false warranty, 
and wilfully giving a label falsely describing the article sold. See also 
section 20 of the Act of 1899. 

This latter clause of the section — viz., “ Every person who shall wilfully 
give a label with any article sold by him, which shall falsely describe the 
article sold, shall be guilty of an offence under this Act,” etc. — would 
apply to a great many cases of adulteration in which the article is wrongly 
described by label j but it is evident that guilty knowdedge must be proved, 
for the word ‘ wilfully ’ presupposes guilty knowledge. In most cases, ^unless 
the actual manufacturer were summoned, ignorance would be pleaded. 

Section 28 provides that nothing in the Act shall affect the power of pro- 
ceeding by indictment, or take away any other remedy against any offender 
under the Act, or in any way interfere with contracts and bargains between^ 
individuals, and the rights and remedies belonging thereto, provided thftlt 
in any action brought by any person for a breach of contract on the sale 
of any article of food or any drug, such person may recover alone, or in 
addition to any other damages recoverable by him, the amount of any 
penalty in which he may have been convicted under this Act, together with 
the costs paid by him upon such conviction, and those incurred by him in 
and about his defence thereto, if he prove that the article or drug, the sub- 
ject of such conviction, was sold to him as and for an article or drug of the 
same nature, substance, and quality as that which -was demanded of him, 
^nd that he purchased it not knowing it to be otherwise, and afterwards 

it in the same state in which he purchased it — the defendant, in such 
^tioD, being nevertheless at liberty to prove that the conviction was wrong- 
ly or that the amount of costs awarded or claimed was unreasonable. 

' The 30th section of the Act provides for the examination of tea on 
importation. 

The affect of this examination has been so good that adulterated tea, 
in comparison with the period before the Act, has decreased in a very 
marked degree. 

g 60. Milky MnrtjnriTiey^ Margarine Cheese and Butter, — The Margarine 
‘ > L. R. 84 D. 209 ; 42 .1. P. .551. I. 

* The Batter and Margarine Act, 1907, gives a deOnitton of margarine (sect 13) and 
p^ulatw the manufacture of margarine. See Appendix. 
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Act of 1887, and the SSilo of ^ooc^nd Drugs Act of 1899, are 8pewi3i|c‘! 
Idireoted against frauds with regard !o the above articles, besides which 
Act of 1899 creates a new Authority superintending the Side of Food ■ and ^ 
Drugs Acts — ‘viz., the Board of Agricidtnre. • 

The latter Board is empowered (Sale of Foods and Drugs Act, 1899, ' 
sect. 4) to mftke regulations ; in other word?, to fix standards or limits, 
with regard to milk, cream, buttcT or cheese, and under this section the 
Board has made the following regulations : — 

Sale of Milk Keuulations, 1901. 

The Board of Agriculture, in oxi'rcii-e of the powesrs conferred on them 
by section 4 of the Sale of Food and Drugs Act, have made the following 
Regulations : — 

^ Mifh 

1. Where a sample of milk (not being milk sold as skimmed, or separated, 
or condensed, milk) contains less than 3 per cent, of rnilk-fat, it shall be 
presumed for the purposes of the Sale of Food and Drugs Acts, 1875 to 
1899, until the contrary is proved, that the milk is not genuine, by reason 
of the abstraction therefrom of milk-fat, or the addition thereto of water. 

2. Where a sample of milk (not being milk sold as skimmed, or 
separated, or condensed, milk) contains loss than 8‘5 per cent, of milk- . 
solids other than milk fat, it shall he presumed for the purposes of the ' 
Sale of Food and Drugs Acts, 1875 to 1899, until the contrary is proved,’ 
that the milk is not genuine, by reason of the abstraction therefrom of 
milk-solids other than milk-fat, or the addition thereto of water. 

Shimmed or Separated MUh, 

S.^Where a sample of skimmed or se[)aratod milk (not being condensed 
milk) contains less than 9 percent, of milk-solids, it shall be presumed for the 
purposes of the Sale of Food and Drugs Acts, 1875 to ^899, until the cou- 
trary is proved, that the milk is not gomiiiie, by reason of the abstraction 
therefrom of milk-solids other than milk-fat, or the addition thereto of water. 

Extent. 

4. These Regulations shall extend to Great Britain. 

Camvienmiient. 

5. These Regulations shall come into operation on the first day ol ' 
September, One thousand nine hundred and one, 

Slwrt Tide. 

6. These Regulations may be cited as the Sale of Milk Regulations, 1901. 

Sale op Butter Regulations, 1902. 

The Board of Agriculture, in cxrrcise of the powers conferred on theta 
by section 4 of the Sale of Food and Drugs Act, 1899, do hereby make the 
following Regulations : — 

X. Where the proportion of water in a sample of butter exceeds 16 
oent. it shall be presumed for the purposes of the Sale of Food and Drugiif 
Acts, 1875 to 1899, .until the contrary is proved, that the butter is not'^ 
f ’ genuine by reason of the excessive amount of water therein. 

2. These Regulations extend to Great Britain. , 

3. These Regulations shall come into operation on the fifteenUi day ^ 
May, One thousand nine hundred and two. 

A ThftflA mavliAA.ifAfI AB fliA Kula Af Tlnffaii PanriilatifVMa 
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A standard has also been madcljby i?he same statute with regard to. 
ifiargarine (section 8), niuking it uniawfiii “ to manufacture, sell, ei^pose 
for sale, or import any margarine the fat of which contains more than 
10 ^er cent, of butter fat.” 

Margarine is dciined by the Margarine Act (section 3) to mean all sub- 
stances, whether cuMipounds or otherwise, made in imitation of butter, whether 
miied with butter or not. It is unlawful to sell such a substance otherwise 
, than under the name of margarine. Margarine cheese is defined by the 1899 
Act to mean any “ substance, whether compound or otherwise, which is pre- 
pared in imitation of cheese, and which contains fat not derived from milk.” 

The Act of 1899 introduces into the statute some new terms — such, for 
example, as ‘separated milk ’as distinguished from ‘skimmed milk’; there 
is also a distinction drawn between an adulterated and an ‘impoverished’ 
article. Both the Local Gk)yernment and the Board of Agriculture arc em- 
. powered to take samples and to have them analysed at the cost of the Ix)cal 
, Authority, the Local Government Board in relation to matters affecting 
.the general intereHt of the consumer ^ the Board of Agriculture to matters 
affecting the general interests of AijrieuXiure (section 2). Both Boards may 
also, under similar conditions, empower an officer to purchase samples and 
submit them for analysis in cases in which the local authority fails to do 
its duty in enforcing the Sale of Food and Drugs Acts (sections 2 and 3). 

For various other important details as to the registration of margarine- 
sellers, wholesale or retail, as to labelling packages or tins, as to warranty, 
as to protection from importation of certain adulterated or impoverished 
articles, the reader is referred to the Acts themselves, published in the 
Appendix to this work. 

Butler Samples, 

Recommendations drawn up by the Board of Agriculture (Circular, 
i3th July 1903) 

1. The quantity to be purchased should not be less than one pound, 
^except that it may bo expedient to purchase only half a pound where there 
.‘^Is reason to believe that the object of the purchase would be defeated if a 
■, greater quantity were demanded. 

2. The division of the sample into three parts should be made as 
squally as possible, so that the portion reserved by the purchaser may not 

^ be less than one-third of the whole. It is desirable that each portion 
' should consist of one piece only. 

3. The portions should not be wrapped in pap6r, but should be placed, 

‘ Kcithout pressure, in dry and clean screw-capped bottles in such manner 
that the water present may be retained in the butter. 

'4. The screw-capped bottle should be provided with a cork-lined metallic 
./Ud. The mouth should be as nearly as possible the full width of the bottle^ 
.'and the cork lining should be firmly screwed down against the edge of the.: 
ij-^bottle. 

j: ^6. The bottle, labelled with the necessary jwrtioular^ should be enclos^ 
'fin an envelope of stout paper, and should be secured with the official sea), 
l- r 6. The reserved portion should be kept in a cool dark place pending’ 
^^{>roduction in Court in the event of proceedings being token, and, 
'^>£rected by the Court to be referred lb th^ ComniisBioners of Inland a 
J^’S^bnue, it should be carefully packed in order to ensure its safe trans-!' 
to the Government Laboratory. 
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PART ll.-INTRODUCTORY 


A DESCRIPTION OF A FEW SPECIAL FORMS OF 
APPARATUS USEFUL IN FOOD-ANALYSIS 

J61. As stated in the first edition of this work, it is no part of the 
author’s plan to describe tlie elementary apparatus to be found in every 
text-book, and to be seen in every laboratory. Notwithstanding;, it will bo 
convenient here to give ii brief notice of some special forms of apparatus 
useful in food-analysis. 


jf . ArpAii.\Tus FOR TUB Tufatmbnt of Substances by 

\ Various SonvENm 

It is a matter of some moment to economise alcoholic and ethereal sol- 
vents, a?id it is always advantageous to keep a laboratory as free as possible 
from vapours and odours. Where a solid has to be exhausted by ether or 
petroleum, one can scarcely imagine anything more convenient than the 
apj)aratiis invented by Soxhlet, and proposed by him for the purpose of 
treating milk solids with ether, but in point of fact widely applicable. It 
consists of a glass tube (fig. 1), the size of which is perfectly under control, 
and may bo made very large or very small, according to individual require- 
ments. For the purpose of milk analysis a ca|)acity of 100 c.c. is ample* 
The tube is quite closed at the bottom, A; the volatile vapours ascend 
through the tube D, and are condensed in an upright condenser attached 
to A ; the liciuid, therefore, falls drop by drop on to the substance at A. 
When the condensed liquid reaches X, the syphon B B acts, and the whole 
of the liquid runs into the flask. The apparatus works quite automatically, 
and scarcely any ether is lost, however long the operation may last. 

Clausnizer has modifiefl this apparatus for small quantities of substances 
(fig. 2). D is a tube drawn out pipeiu--like. J is an inner tube made so 
as to slip easily into the outer one, and pulled out in the blowpipe flame 
into a long, almost capillary stem, which is then bent up into a syphon, 
and te’^minates in the flask, being made a litUe longer than the drawn-out 
portion of D. The mode of action is precisely similar to that just described. 
The volatile vam)ur escapes between the two tubes, until it reaches the up- 
right condense^r ; it is then condensed, and falls in drops on the substaiiod 
in tbe inner ^be; and when the bend of the syphon is reached, the little 
■iittbe is at once emptied of the saturated solvent, and the process oom- 
menoes AgJn, ‘ ^ 

1 .^,;; Anotl^ method is m follows (see fig. 3):— Take a flask with a widf,, 
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neck, 6t' a small short test-tube, \ , intD a cork that will go tightly down 
into the neck of the flask j out tw6 Or three notches in the cork, as shown 
in the figure. The ether or other solvent continually drops on to the 
substance in the tube, and when the tube is full, runs over into the 
flask, and thus the substance is at length exhausted. Similarly, any little 
apparatus may bo suspended from the cork by means of a ,'vire ; or, lastly, 
a little tube may be supported from the bottom by means of a platinum 
wire-support fused into the flask. 

Since the last edition of this work, there have been published a largo 
number of modifications c»f the details of Soxhlot’s and other apparatus for 
the extraction of dry solids, but tiiosc described answer well. 

In the ejctradioii of liquids by solvents tliere are three methods — (1) 
simply shaking of the liquid to be extracted and the solvent in a separating 
funnel; (2) allowing the solvent to bubble through the lioiid, and if 



lighter than the liquid to flow from the top layer back to the flask ; (3) 
the solvent flows over the liquid in a thin film. 

The principle of the hitter two methods is illustrated by the applaitus 
suggested by A. Wroblowski ^ and by Hans Malfatti^ respectively. / IVdb- 
lewski’s apparatus (fig. 4) consists of a flask d, in, which is platen the 
volatile solvent. On heating the flask the vapour ascends the tube g, ind 
the ether bubbles up through the liquid to be extracted, is cond-^nsed 'tj; 
,the cold tube /, which is surrounded by the water jacket A;, and iuto * 
the tube which is led to the bottom of the liquid. The etherfuwns 
ever-increasing layer on the top of the liquid, and at length ^ 

Jevel of the mouth of the tube c, and then continuously flows ba' • 
flask. Samples of the solvent can be drawn ofi* from time to 
of the stopcock at /t, in order to ascertain whether the extractionv ^ ^ ■ 

If it is, a few drops evaporated on a watoh-glitss should leave no 
> Z. f. annlyt. CimnU, 1897, 671. ® Ih., 1898, 37 
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residue. Malfatti’s apparjttus (fig. 4A|;;ponsi8ts of a flask A for the ether , 
the vapour from the boiling ether is conveyed by the rather wide right- 
angled tube a to a condenser B, consisting of a tube of lead or tin coiled 
round the glass tube. In the metal tube circulates cold water, the ethl^r 
falls as it distils through a long narrow tube nearly to the bottom of the 
metre long extraction vessel C ; near the top of fiic tube arc two side tubes, 
the one bent 6, so as to form a trap, and provid(*<l with a funnel, the 
other connected with the flask A. Ljistly there is a vessed I), provided with a 




T'piece ^ to receive the extracted fluid. The fliiid to be extracted is allowed 
to now drop by drop from a Marriott’s flask into the funnel, and flows on to 
a spiral of fat-free wool cjiirled round the inner tube. As this liquid flows 
, dowi^ it comes in contact with the ether flowing up ; and when the other 
reaches the level of e it flows into the flask to be again distilled. Large 
quantities of liquid can be exhausted in this way by a volatile solvent. 

There are many ingenious devices other than these just described for 
;e$eotiAg the same purpose but all are modifications of the two types. 
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^ When it is necessary to trea^^^mhsvances in open dishes with volatile 
solvents, the authors use the following Apparatus (see fig. 5), which, since 
the first description of it in the Chemical Society's Jonnial,^ is to be found 
in most laboratories. 

The principle of the arrangoniciit is simply this, that it converts an 
ordinary dish into a oloseS vess(il, so that etlicr and volatife litpiids may be 
boiled without loss; or, on the other hand, a volatile 
lifpiid may ho distilled and recovered with as much 
ease jls in ojierating with a retort. 

The essential piirt of the apparatus consists of a, 
cast-iron body, R, externally drum-Hhapod, and having 
a deej) groove, A, in which a little m(‘rciiry or other 
‘scaling liquid’ is placed. Into this groove fits a 
bell- jar, B, and the pait marked I) is hollowed out 
for the reception of a dish. The size of the dish is 
•quite indilfer(*nt ; any dish will do, so long »is it is 
not too large for the bell-jar to cover. The neck of 
the bell-jar is attached to a Liebig’s condenser. Should a substance 
require exlianstion with the solvent, the Liebig is placed in an upright 
position; should an evaporation or distilhition be required, the condenser 
is placed in the usual slanting position, and in this way all the liquid 
evaporated is saved. As a matter of convenience it is well to have a piir 
of tlies^apparatuscs in a laboratory, one with an upright, the otlier with a 
slan^^denser. 

7V/C Spiral Balance . — A spiral balance, proposed and used some 
years ago by Prof, dolly, has been figured and described in a former edition 
of this work. ^ 

§ 53. Vacuum Processes , — There are a variety of analytical opemtions, 
especially those employed in toxicological and food chemistry, which for 
their proper performance require an efficient vacuum. 

There are three chief varieties of mercury pumps in use, viz,, the 
^Geissler, the Spreiigel, and the Toepler; the disadvantage of the Geissler 
is the numerous stopcocks, of the Sprengel, that it is not very suitable for 
, evacuating large vessels, tiiid of the Toepler the fragility of the numerous 
branches. The mercurjpump the authors use is free from most of the 
above objections, and is known as the ‘ Physiologicjii Mercury Pump ’ ; it 
is to be foTind in the stock of most dealers in physical and chemical 
apparatus. The diagram is sufficiently explanatory ; the reservoir is filled 
jwith ineroury, and on being raised expels the air by flowing into the bulb 
and then flows over tlirough the small bored tube into a small vessel 
oliarged with mercury. When the reservoir is in the ])osition shown in the 
diagram,^ the mercury is prevented flowing backwards and ui)ward8 into 
the dc|i[|^|ubeB by a ghiss float valve. By first partially e.xhansting a 
large as a Winchester quart by moans of a good water pump 
or a opemtiou may be finished by the pump just 

. descrii^cr^'^^a half-an-hour, and smaller pieces of apparatus in propor- 
. tionately less time. 

' ^ A new and sir^e Apiiaratua for tho troatraont of substances in open dishes by 

. Volatile solvents. By A. wyiitor Blyth, Joimi, Cheni, Soc,, March 1880. 
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The Michoscopb, the SrECTitosafe?K, and the Aut ()F Piiotog- 
rapiiy a8 Applied to the (Chemistry op 1‘’4K)Ii. 


§ 54. There are so many special works describiiig the inicrosco])e, that 
it will be quite Buiiecossary to burden the pages^of Ibis book with infonna- 



Fio. C. 


80 readily accessible; The chemist, as a rule, will find a binocula 
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most suitable for his purpose, forCt it/only i^lth a binocular that it is 
'^jpossible to have a really good vic\^^ of crjflstals. Besides, tlie instrument is 
80 readily convortod into a monocular, that it possesses the advantages of 
tfto latter combined with its own. For certain branches of research, and 
more eq)ecially for observing reactions under the microscope, the inverted 
microscope of Dr. L. Smitfi, of Merton College (or those of similar pattern), 
by which the object glass is ])laccd below the substance to be examined, 
haa this advantage, that it is possible without injury to the instrument, 
and without being annoyed by acid fumes, to treat substances under 
observation with strong acids, even at a boiling temperature. 

The analytical stiuknit will re(juirc to familiarise himself witli the use 
of the micrometer and the polariscopc. The most suitable micrometer for 
the measurement of starches and similar substiinccs is what is called an 
eyepiece micrometer. A glass, ruled, either in scpiares, or as a 'simple scale, 
is placed between the eye and field jnecc, so that both tlie object magnified 
and 1 he scale are seen clearly at one and the same time. In order to find 
the value of the divisi(>ns of the eye mi(;rometer, it is necessary, in the first 
place, to determine tliem by noting how many divisions coirespoud with 
one or more of a slip of ruled glass placed on the stfige, and containing 
divisions equalling the hundre<lth8 of an inch, or any other convenient 
measurement. 8u[)pose, for example, that it is found that one-lmndreth 
of an inch on the stage when measured by the eyepiece required 18 of the 
eyepiece divisions, then it is obvious that each one of the divisions is ^ of 
tJo' TwV?j inch; therefore, any object that measured, say four 

divisions, would be 4 x « TisW* would measure the one four hundred 
and fiftieth of an inch. There is another method of measurement which 
is extremely accurate and applicable to all cases ; this is, to take ^ micro- 
photograph of the subject, and to photograph a glass with suitahle mled 
divisions, with the same arrangements and with the same powers ; after- 
wards a measurement with ordinary compasses can, with great ease and 
convenience, be made. 

Chemi(;al reaetioiis, under the microscope, are either observed in shallow 
cells ground in the glass slide itself, or simply on the oulinary flat slide, 
or, as is sometimes convenient, in almost capillary tubes with flattened 
sides, the microscope being in a horizontal position. Roactions, as a rule, 
should bo observed with only a moderate magnifying power. It is quite 
possible to execute, on a very small amount of material, a complete qualita- 
tive analysis on the stage of the microscope, mixing with drops of the 
solution under observation droplets of the ordinary test solutions, such as 
sulphuretted hydrogen water, ammonium sulphide, ammonia, oxalic acid, 
fiodic phosphate, etc.^ Dr. Beale has recommended glycerine to be used 
instead of water for these reactions, and he states that although the re- 
actions are slower, yet that they are more perfect.^ The method of 
‘ subliming alkaloids, and its important bearing in the determination of the 
nature of substances in tea or coffee, is described in the article on ‘Tea,* 
together with the microscopic appearance of the ash of various leaves, and 
' the method of obtaining ‘skeleton ashes.’ 

In cutting sections of seeds, leaves, etc., no difficulty is experienced when 
they are in the entire state, nor are any special instruments required 
a sharp razor, for with a little practioe sections quite as fine as those 
possible to cut by a section-cutting machine can be made with a raaSor. 

* S«e Beitrage z, mikroehemiscfien Analyw, by H. Behrens, 1902. 

* How to Work wUh iho Microscope, London, 1880. 
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*It is, however, quite diffefent witti suf^ matters as tea leaves which hav^ 
been dried and crumpled, or seeds in the state of powder. Here consider- 
able difficulty may be experienced, and it is often not possible to get a 
section at all satisfactory of any given dark microscopic particle. 'Ae 
authors have had tolerably fair results by sprinkling (qMKjue powders on a 
piece of smooth wood, and embedding the po\fders in a tenacious gliic,^ 
When the cement has set, there is no lUfficulty in getting sections. 
Similarly, the known processes for embedding soft substances answ'cr well 
with tea. A simple method is also to gum the leaf, or fragment of leaf, 
on to a solid substance, and tlicn horizontal sections cun be obtained. 
Sometimes scraping a leaf in the same manner us when a blot is being 
erased from piqicr, brings away very lioautifnl pieces of the opidi'rmis and 
stomata. ions of leaves arc easily obtained by placing the leaf between 
two pieces tif cork, pressing them well together, ami then cutting the. finest 
possible layers witli a sharp razor. In all these cases the razor should bo 
wet with some iluid, either water or (which is for llu* most part better) 
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glycerine, a little diluted. The section floats on the water, and may be 
transferred to a dish of dilute glycerine. It is well to cut a great number 
of sections in tins way, and select the most transparent from the dish for 
microscopic examination. The authors’ method of observing and preparing 
leaves is described in the article on * Tea.’ 

§ 66. MicT 0 ‘Spectro 8 c.ope. — The micro-speetroscopc has become a 
leading instrument in food-analysis, more especially since the introduction 
of so many artificial colouring materials. Fig. 7 shows the various parts 
of the ‘ Sorby-Browning ’ micro-spectroscope. An eyepiece fits into the 

* Sealing-wax does admirably ^ the particles of jiowder are plaowl on a tliln layer of 
sealing-wax, and the wax sofj^nra by heat ; on cooling, the particles are held with 
(M^cient firmness to allow of sectionB. 
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xhicrosco^ tube, having the uppta lums made achromatic ; at the focal* 
^oint of this lens is fixed a narWv slit. A rectangular prism is fixed 
so as to extend over about one-lialf of the slit, and reflect the light 
edining through an aperture. In the stage afctjiched to the side of the 
eyepiece, the other half of the slit transmits the light, passing up the 
main lK)dy of the microscf)pe through the ordinary objeot glass. 

When all is properly arranged and illuminated, in looking through the 
lens a narrow line of light is seen, onedialf the length of which lias passed 
through an object placed on the stage of the microscope, and the other 
half through any other placed on the side stngc attached to the eyepiece 
of the prism ; and if tlie prism has been properly adjusted, these tw'o 
portions should appear jicrfectly continuous, without any break at their 
junction ; lint if not projierly adjusted, the line appeal’s broken, and would 
then give false results if the sfiectra were compared togctlicr. The 
analysing prism is comiiound, and fits over the eyepiece like a long cap. 
It consists of two rectangular prisms of crown glass, and two others with 
angles of 75“, a combination which gives direct vision. 

B is a milled head adjusting tlie focus of the eye lens (fig. 7); C is a 
milled head for adjusting the slit vertically ; H for adjusting the lircadth 
of the slit; D, 1) are springs for holding a small tube; K is for the })urpose 
of regulating the slit of the second spectrum ; F is tlie position of the field 
lens of the eyepiece ; G is a tube which fits on the microscope. The 
prisms give that amount of dispersion which is admirably fitted for the 
purposes to which this instrument is applied, and is in itself sufficient to 
divide the absorption-bands seen in coloured solids and li<iuid8, while it is 
not so groat as to spread them over too wide a spieo, and make them 
obscure, us is the case when the dispci’sion is great. Since the light 
which pa.s8es through the opening does not extend over the same surface 
as that which jtasses through the object glass, it would be far too bright 
unless m(x3ified by means of a small shutter, opening and closing with a 
screw. In each case this can easily be adjusted so that the light from 
the two sources is equal, or may be made to vary for some special 
purpose ; there is also a contrivance, so that when very small objects 
are examined no light shall pass except that which has come through 
them. {Sorh/.) 

Impi-ovomeiits have been made by Mr. 8orby and Mr. Browning, by 
which every line or band in the spectrum, when being measured, is brought 
into the centre of the field of view ; the javrs of the slit open equally, so 
that, whatever their width may be, the zero remains unchanged. The 
micrometer is self-registering, and the whole turns of the micrometer 
screw, as well as fractional parts, can ho read off at the same time by 
inspection. The instrument may also be used for opaipie as well as trans- 
parent objects, and two spectra can be com^jared at the same time with 
one lamp. Moreover, the spectrum of the smallest object, or a particular 
, part of any object, may be obtained without difficulty. Mr. >Sorby'B 
. > method of mciisuremcnt is of the most accurate description. He uses an 
apparatus giving an interference spectrum, divided by black Ixinds, all of 
equal oj)tical value. 'J’lie apparatus is composed of two l^icol’s prisms, 
with an intervening plate of quartz, about ’043 inch thick, cut parallel to 
' princiiial axis of the crystal, the thickness being so adjusted with the 
iodium lino that the sodium line is exactly at 3*5, counting the bands from 
the red end towards the blue. He makes mt of the following symbols to 
^ express tho intensity of absorption : — 
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Not at all shaded, 

Very sliahtly shaded, , . - • . 

Decidwlly shaded, 

More shaded, 

Strongly shaded, but so tlmt a 
tra(je of colour is seen, 

StiH darker, 

Nearly black, 


Blank s})aco. 

. Dots wide a|>art, 

. . Dots closer. 

. . . Dots vciy close, 

- - - Tlmsj hyphens close. 
• — Single dash. 

Double dash. 


Definite narrow absorption-bands are indicated by * printed over their 
centre. It is assumed tlmt there is a gradual shading off from one tint 
to tlie other, unless the contrary is expressed, whicli is done by inetins of 
a small vertical line, as in the following example : — 


Nornuil chlm’opbyll in alcohol (deep green), 


Nothing could be more accurate than Mr. Sorby’s metliod of measure- 
ment, and for the actual worker hi.s system of notfition will also Ik; found 
most convenient. For tlic purpose, however, of gmphical illustration, 
‘VogeVs*^ methiMi is ])referablc, and it has been used in this work to 
delineate various coloured 8iJ('ctra. The system may bo at ouee under- 
stood by reference to the diagram {tig. 16). The amount of absorption is 
sliown by curves. Where the curve is liighest, there the band is blackest; 
where it is lowest or absent, the leiist absorption is present. There is no 
doubt that the most permanently useful way to express spectra, whether 
absorption or spark, would be by wave lengths. Then, however the 
scales of ditTercnt spectroscopes might differ (and scarcely two will give the 
same values), still the results would be the same for all spectroscopos. 
The. fbllowing values of wave lengths arc sutheient for absorption 

spectra MILLIONTHS. * 


A. 760*4 

54 . 576*7 

B. 686-7 

F. 486*1 

0. 656-2 

G. 4307 

D, 589*2 

h. 4] 0*1 

E. 526 9 

IL 396-8 

518*3 

K. 393-3 


By conairucting a diagram similar to the following one, only ^ny 
times larger, having the value^ of i be scale marked at the top, and inter- 
sected by the lines giving wave lengths, and then determining the exact 
position of Fraunhofer’s lines on the scale, and marking them by crosses on 
the chart as in the diagram, and lastly, joining the points in a uniform 
curve, it is possible to get very simply the wave lengths of every portion 
of the scale. The more uniform the .uirve, the greater the number of 
lines determined; and the larger the charts the more accurate are the 
values. Supposing the centre of an absorption-band to be at 10 on the 
scale : on referring to the diagram the curve at 10 is e,\actly cut by the 
horizontal line 660, therefore the wave length would bo 660, and so on. 
It will be necessary to uieasuro in all cases the middle of the absorption- 

band, or the middle of the spark line. ^ j • i v x 

A more modem fonn of micro-spectroscope is one fitted with a ppoti 
graphic scale reading direct in waf e lengths ; such a one is made by Hilgei 
and is represented in fig. 9^ The scale is of course very small, but it ca 

» Hermann Vogel, ^^'PraUiaclu Spectral Analyse” Nordliugen, 1877. 
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be read i#ith a possible error of not lore 20 Angstrom units — which * 
of sufficient accuracy to determinb The piaco of absorption-bands. 

§ 66. The spectroscope, as tipplied to coloured flames, or to spark 
spSetra, is not much used by food analysts. It will, however, probably be 
more used when the ash constituents of food have been thoroughly and 
scientifically worked out. A very careful search after the rsrer metals and 
elements in the ash constituents of plants would, in all probability, be 
rewarded with the discovery of — if not new elements — yet of the wide 
dispersion of the elorncnts that are iiresiiincd not to be widely disseminated. 


The spectroscope in general laboratory use has only been applied to the 
diagnosis of potash, lithium, copper, barium, strontium, and a few other 
flame spectra easily obtained without the aid of electricity; but the 
interesting and convenient method of examination introduced by Lecocq 
de Boisboudrau has made spark spectra so very easy to be obtained by 
anyone who has a battery, and a liuhmkoff coil capable of giving a good 
spark, that there is no rcsison why an examination of the spark spectra 
of a body should not become the daily matter-of-course process in all 
laboratories, and not be restricted to pure seientifle inquiry. Boisboudran’s 
method is simply to pass the si)ark through a solution of the substauce 
be examined, and for this purpose the fallowing apparatus can be 
ooDStruoted out of the ordinary apparatus of the . laboratory (fig. 10). 
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A Woulfe’s bottle is fitted wiWi tfj good iudiarnibber corks. In Ih^ 
one a stout glass rod is placed, Ufent at right angles, serving as a support 
for a glass tube, through which the wire of tlic negative pole projects ; 
other neck carries a little test-tube with the wire, r/, which comes Iip 
through the cork, and the test-tube supports a still siuuller one, capable ol 
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holding a very small quantity of the liquid to he examined ; the wire is 
fused into the bottom of this tube, and terminates a little below the mouth. 
Over the wire there is a luiuuto tube, somewhat fuiiiiel-sluyxKl at the end, 
which prevents the spark flying to the side of the tust-tubo ; in the larger 
tube there is a little mercury to ensure contact. One eflect vf this arrange- 
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ment is that the lower pole has always a thin film of the liquid over its 
surface, and on passing the current the spark volatilises the substances m 
solution, and their characteristic spectra are easily observed. The extremely 
hot flame of the Mecke burner may be conveniently used for spectroswpio 
use. Metallic oxides, if suiijilied with chloroform- vapour, give m the flam 
characteristic spectra. \Hartley,) 
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Quantitative Estimath^ op ^Colouring MATTnas. 

r)6a. (1) TJi£ Polaridng Golorimeter , — The Him])lcBt method is to 
imitate the solution of colouring matter, the strength of whicli is unknown, 
by diluting a stronger solution of known strength and placing the two 
solutions in two glass cylinders of equal bore ; accurately imfieh the colours 
by pouring some of the solution of the stronger shade out until the colours 
are equal, then the colouring matter is proportional to the depth or height 
of the liquids. Tlie results with practice are in many cases fairly correct. 
A beautiful and more accurate method of colorimetry is made by the aid 
of a special apparatus - viz., the ‘ jiolarisation colorimeter^; this, in its 
most improved form, consists of two graduated cylinders, A and B, having 
at the bottom a whiter reilectiiig surface, C, 
which throws tlui light equally throilgh the two 
cylinders (fig. 11). Above the cylinder, A, is a 
prism, I), of Iceland spar, the so-called ‘(Hans 
air prism.’ The prism is ent in the direction 
c (f, and both halves again joined together. 
The surfaces, a dy c hy and h d, are polished ; 
m and n arc dia]»liragms, admitting the rays of 
light thrown np from C. The ordinary ray 
pjissing from A is reflected at the surface, e d, 
while the extraordinary ray, «, passes on to the 
Niool. The rays of light passing through B 
into the Iceland spar half prism, K, divide 
into extraordinary and ordinary mys; the ex- 
traordinary rays pass through the pri^m, the 
ordinaiy are reflected from the polished surface, 
efy are again reflected by tlio surface, c dy and 
pass on to the J^icol, forming the bundle, p. 
The Nicol prism thus receives ordinary rays from 
B and extraordinary rays from A. The Nicol 
prism can be rotated on its axis, and the amount 
of rotation measured by a divided circle. 

There will be two points, in one of which 
the extraordinary' rays will vanish, and in the 
other, OO** fnan the former, the ordinary ray 
will vanish. Let these points be 0* und 90“, 
Tf both rays come with equal clcaracss from D, then at 45'' — that is, exactly 
between 0“ and 90" — the two fields will bo equally clear. 

The clearness of the ray, a — that is, the extraf)rd inary ray — is at 
0* wO, at 90" ~1 ; the other ray, the ordinary, jS, is exactly the reverse — 
that is, at zero it is equal to 1, at 90" it is equal to 0". The angle, tji, 
measured by the rotation of the Nicol with regard to the ray, a, is pro- 
portional to the square of the sine, that of the ray, fiy is proportional to 
the square of the cosine. 

/ If both rays are e<]ual in intensity, then for any angle, ; a i ^ 
sin^ <f> : cos® <l» = tan'^ </>:!. The simplest method of using the polarisa- 
:tiou colorimeter is always to fill the cylinders, so that the liquid of known 
eoilcentration stands at the same height as the liquid of unknown concen- 
tration. The Nicol is turned until both fields are of precisely equal 
brightness, and the angle, being read, the cj^linders are now reversed— 
4hat is, the cylinder A is put in the place of B, and the cylinder B in place of 
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A, and the anj?le, <#>', again rctid*, tl>^! v the calculation is very easy, donoti^ 
the concentration of the one liqfliid as c, the otlier as r , and the angle as 

/tiin d> 
c — c — 
tail 

An improvement, oven on this method, b the introduction of a quartz 
plate between the Nicol and D; the quartz plate has a tliiekiicss of 3-75 
mm., and consists of one-half of right-handed, th(5 other of left-handed 
quartz. The result of this is that the eye s(‘os four holds, the ray /3 
dividing into two and the ray a dividing into two. 


/S' 

a}- 


o 

. tt" 


The Nicol being at O'*, or at 90°, the fields, and are of an equal 
colour as well as those of and a‘^, at a point l)('twet^n tlie two angles ; u 
and are of an equal yellow colour, while and a- are of a blue colour. 

If in the cylinders, A and Ti, are placed solutions of a colouring 
material of diffiTciit concentration, the one known, the otlier not, 
fields lying to the right have a different degree of el earn ess to tlio fields 
lying to the loft; and since two solutions of a suhstaiuje of different con- 
coutratioii show a different spectrum, in this case the field a is dillerently 
coloured to the field and differently eolourc'd to a-. 

By diminishing the height of the stronger li(|uid, hy lotting a little 
flow out of the tap, after a few trials not only tlic adjacent fields have the 
same brightness, but also the same colour. 

If the Nicol was placed at 45°, and the height of outf or the otlier nuicl 
Ije decreased by means of opening the tap, then the concentration of the 
unknown liejuid is given by the equation : — 


c = unknown concentration, 
c = known concentration. 

//' = height of c. 
h = li eight of c. 

Kriiss^ gives examples of the accuracy of the determi nations of various, 
iubslaiices by this method, as follows : — 



Aiiiouiit fouiul 

Actual Contents. I'V the 

■ iJoIorlmotrh' Metliml. 

Copljer sulphate solution— 

(1 C.C. s= 0*025 giin.), 

Nickel Bulpliato-— 

(1 c.c. = 0*025 gnm.), 
Potassium monwhromate — 

(1 O.C. = 0*376 gi-ra.), 
Ammonia solution, to which 
Nessler’s solution has l>oon 
added, , . . , 

1 — , * 

0 05000 grm. 0 0.5009 gnu. 

0*05000 „ 0*05013 „ 

0*07500 „ 0*07535 „ 

0 000652 ingmi. 0'0(>OC50 iiignii. 


1 KoUrMrk u, QmrdUaLim SpeUralatvayse, by Dr. G. Kriiss and Dr H. 
Hamburg and Leipzig, 1^90. 
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The small error fippears generalj tqfbe in excess, and, no doubt, a 
"correction factor could be got out* for any solution. 

An improved form of colorimeter has also been invented by Hugo 
KJiuss,^ called “colorimeter with the Lumner-Brodhuns ])rism.” The 
essential part of the instrument is the Lumner-Brodhuns ])rism (see A, iig. 
12); the one part of the frism is an ordinary reflecting prism, but the 
other part has a j)olished plane surface, r/ r ; but from eio g and from r 
to 8 the section is that of a portion of a circli*. 

Tlie other jwisms liave the sha]>e shown in flg. 12, and the path of the 
rays of light is indi(!ated by the dotted lines. The effect of the arrange- 
ment is that the eye, looking through the lens on to the surface ergs, sees 

an elliptic spot, which, if the light 
coming from the two cylinders is 
unequal, is surrounded by. a tield of 
a different tone with a sharply defined 
line; but if the light is ecpial in in- 
tensity, then the line of demarcation 
vanishes, and tlie 8p()t is of the same 
shade and hue as tliat of the sur- 
rounding field. This colorimeter is 
stated to bo of great delicacy and 
accuracy. 

Colorimetry is applicable to the 
estimation of ammonia, nitrites, 

nitrates, copper, permanganate, and 
solutions generally, either coloured in 
themselves or striking colours with 
reagents. 

^ 566. (2) Quantitative Speciro 

Hcopy. — Quantitative estimations by 
the spectroscope may be made by an 
appliance, the invention of Karl 

Vicroi-dt,^ known as the ‘ double slit ^ ; 
instead of a single slit, the slit is 
divided into two halves, as shown in 
fig. 13; each half of the slit can be 
opened at a different degree, and the 
width to which they are respectively opened, accurately estimated by 
means of the divisions on the milled heads of the respective micrometer 

screws, i and i. Both of these slits correspond to two spectra, as seen 

through the observation tube. If the light is properly placed and both 
slits equal in breadth, the illumination of both spectra will bo equal ; on 
\ the other hand, if one slit is open of a greater width than the other 
more light will pass through. If in front of one half of the slit is 
placed a liquid which absorbs the light more or less, in order to make the 
illumination, say, of the brightest part of the spectrum equal to the other 
^ spectmm illuminated directly by the source of light, the two slits will have 
: to be of a different width, the one having to be narrowed or the other 
widened, and by reading from the milled heads the width of the slit, a basis 

V Kolorimeter mit Lnniner Brodhunschen Prismen-paare v. Hugo Kriiss. ZeiL /. 
ft^ujrgm. Chemde, r. 

* I>ie Jnwndung des Spectra/ apparates zur FhoU^trie der AbBorpiioM'Speetren u, 
mt qtiau^Uaiiven chemisrhim Analyse. Tubingen, 1878. 
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for calculation of the conceutraliion \'t the solution is ol)taiued*by deter 
mining what is called tlio ‘extinction cSefficicnt.* 

The following is the method of obtaining the oxt,iiicti«ni coeffici^l 
of a solution: — A small glass trough, witli pjirallol sides, is tak&, 
the walls of the trough being exactly 11 rnm. from each other 
the lower half rf)f this glass trough 
is occupied by a Schulz’s glass 
body, a solid bit of glass, which 
occupies 10 mm. ; hence, it is 
obvious that when the trough is 
charged with a liquid, the light 
will pass through 1 mm. in the 
lower half and 11 mm. in the 
upper halJi of the trough. In 
other words, light passing through 
the upper part will bo weakened in 
the proportion to the lower as 10 is 
to 1 j it will pass through 1 mm. 
of the lower half and 1 1 mm. «)1‘ 
the upper half. This trough is so 
adjusted before the divided slit of 
the spectroscope that the light 
passing through the one half slit is 
wholly derived from the up[)er lialf 
of the trough, and that passing through the otlier half slit is wholly derived 
from the lower half. 

Uefore the trough is placed in position both slits arc ojjenod an equal 
width, and the light adjusted until an exactly equal illumination is obtained. 
On now adjusting the trough the illumination will, of course, be unequal, 

A complete revolution of the micrometer screw is ccjuel 100 divisions, 
and supposing that to make the light equal, the one micrometer screw has 
to he turned down to 30, then, as the iniensit}" of the light falling through 
the 1 mm. is to bo considered as equal to 1, the unaUsorhed light is in the 
proportion of 30 to 100, or as 0'3 to 1, The light j)assing through the 1 
mm. being equal to 1, and the light passing tlirongh the solution to 0*3, 
then the extinction coefficient is ecjual to the reciprocal or arithmetical 
complement of the logaritl)m of 0*3, or e = - log 0*3. 

If a Irtble of logarithms be consulted, the logarithm of 0*3 will bo found 
to be T*47712 ; if the last figure in the decimal portion bo subtracted from 
10, and the remainder from 9, and the index or characteristic be diminished 
by 1, this gives the arithmetical complement-— that is, 0*32288, which is 
the extinction coefficient. 

The extinction coefficient being know ii, the absorption proportion must 
be obtained, and this is known if the concentration is known, for 

If c = the concentration expressed as grammes per cubic centimetre. 
e = the coefficient extinction. 

A = the absorption proportion. 

Then, • A= - 

e* 

If the absorption proportion is known, the concentration unknown, all 
that the experimenter has to ^o is, for one or more definite regions of the 
spectrum, to work out the extinction coefficient, multiply this by the 
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^abHorption proportion for that parwculajr region of the sj)ectrum, and the 
result equals the grrns. per c.c. — tliat is, • 
c = e A. 

In other words, once the absorption proportion for various regions of the 
spectrum is known, it is en^y to ascertain the percentage composition Tlie 
more regions of the sp<-ctrum investigated, of course, the inore accurate is 
likely to be the determination. 

As an example, let us take the absorption siK)ctrum of permanganate. 
For wave lengths, G80'7 to 050, Kriiss found that a solution containing 
O'OOl grm. per c.c. gave a coetlicient extinction of 0*47238 j and for a 
concentration of 0*00025 ])er c.c. a coefficient extinction of 0*11351. 

Therefore dividing r, hy e in each case, for the one we get as the 
absorption proportion 0*002116, for the otlier 0*002202, the mean of 
which is 0*002159. 

In the region embraced between the wave lengths 596*4 and 582*8, for 
solutions containing respectively 0 00025 gnu. and 0 000125 grm. per c.c., 
KiUss found the coefficient extinction to Isi 0*40501 and 0*16242 ; the 
mean of the results of 

e divided by e is 0*006845 ; 

and so on for various portions of the spccinmi. h'or examjdc, if it were 
desired to ascertain the strength of a solution of potassic permanganate, 
the unknowm solution would be diluted until, from its colour, it was judged 
to bo somewhere near the strength of the solution whose absorption 
proj)ortion was known and several extinction coefficients obtained. Thus, 
in the present instance, supposing for the wave lengths 680*7 to 650*1 an 
extinction coefficient of 0*47238, and for the wave lengths 613*2 to 506*4 a 
Bccliicient extinction of 1*08093 was obtained, the absorption prbportion 
for the respective wave lengths being known to be 0*00215 and 0*0009180, 
wo should have — 

[exA=c.] 

(1) 0-47238 X 0*002159 = *00102 

(2) 1-08093x0*0009186= *00124 

giving a mean value of 0*0011, the real value in this case being in a c.c. 
*001 ; a nearer approximation could be made to the true value by more de- 
terminations. 

For every coloured substance there are special regions of th6 spectrum 
most suital)le for quantitative estimation, and it is necessary in ascertain- 
ing the ‘absorption proportion^ to measure carefully the proportions of 
the spectrum observed ; for example, Kriiss finds that the most suitable 
regions for the quantitative estimation of potassic permanganate solution 
ore as shown in the following table, which also gives the absorption for 
those regions : — 


Wave Lengths. 

AbsorptioH 

Proportion. 

\ 4947 to \ 480*6 
\ 486*5 „ X 480*9 

X 480*9 „ X 474*8 

0 00019091 

0*0002251 

0*u003277 


If oxygf^n is to be dotermiaed by permangana^, then tlio abBor})tion, in terms of 
;^xygen, is for the wave lengtJis given--0 00004883, 0*00006699, and 0*00008290. 
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Three solutions of permanf^^na^ gave tlie following strengths, as^ 
estimatod by the spectral ni^ithod, ^ using alone the three regions 
mentioned: 0-00189 grm., 0'00218 grin., and 0002-28 grm. per c.^ 
while titration with aodic thioanlplwite gave 000191, 0-00317, and 
0 ’00 22 9, thus proving the great accuracy and convenience of the 
method. • • 

As before mentioned, any spectroscope with an accurate scale 
may bo used ; it is far hotter to have the double slit adapted 
to the ‘ Wave-length Spectroscope,’ one of the latest forms of 
which (1907 model), as nianufactiired by Mr. Hilgcr, is shown in 

fig. u. 

The telescope and collimator are of 11} inches focal length and 
inches aperture. The prism is of a special form, and may be best con- 
sidered as up of two 30" prisms and one right-angled prism from .the 
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hypotenuse of which the light is internally reflected, as in fig. 1 4a. The 
prism is, how-ever, actually made in one piece. The table on which the 
prism staads is rotated by means of a fine steel screw, the point of 
which pushes against a projecting arm on the prism table To the 
■ferew is fixed a helical drum (see fig. 146) on which the wave-lengthe 
of the line under observation are read off direct as indicated by the 
index which runs in a helical slot. The point of the micrometer screw 
is of hardened steel, which is finally fixed before the turning of the 
screw thread is done, to a^id risk of periodic errors; the cutting of 
the screw thread being done on this point as one of the centres. This 
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hardened* steel point presses again^ a steel plug in the above-mentioned 
projecting arm of the priam tabled and ibis steel plug is flint-hard, and is 
(mtically polislisd, 

^ The teleacope and collimator are both very rigidly fixed to the caat- 
iron base, and the whole is screwed to a strong cast-iron tripod. 



The cye-picce is of great assistance in mapping out spectra (fig. 14 r) by 
the aid of two shutters, which can be shifted in from cither side at will in 
the focal plane to cover any desired part of the held. Any bright lines 
which by their proximity to feebler lines obscure the latter, can be hidden 
from view. The metal pointer, the point of which is ground fine and 
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polished bright, is illuminated from above by means of a mirror. This 
bright pointer is adjustable laterally by the two milled screws below, 
that one can always return to the standard reading by setting the bright 
pointer on a reference line. 

To this spectroscope a camera can be adjusted (see fig. 14£f); the 
samera has a 21-inch focus lens, and wl^n properly tilt^ the whole 
spectrum is in focus. 


§ 566.3 


THE 8PECr^<y!SC!0PI'.., 




Much work hag been .dj'ne oi late’ wears in the ultra-violet, by the aid 
of photography. Spectra gcnerajty inAed are far easier studied in this 
way than by ordinary vision. Mr Hiiger makes an ultra-violet speetr^ 
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grapl^ by means of wliicli photographs can be taken of the spectrum from 
wave-length 6000 to .SOOO. 

The instrument is supplied with two prisms and lenses of the most 
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transparent ultra-violet glass, the lenses are of 8 inches (203 mm.) 
focus, and the spectrum is about 40 mm. long. The ordinary quarter- 
^ inches) in commerce can be used, several successive 
photos being taken on tbei tame plate. Formerly the whole of the 
fl{)ecti'um could only be taken on a suitably curved surface, but io 





THE SPEGfllOSOOPE * ^ 

defined as a spectroscope conibiy!)d with a polarising apparatus. This 
ap*Ta*^^*^^ by Hilger with a wave-length measuring 

The instrument consists of the following essentials : — 

It is desired^ to compare the intensities of two beams of light, one oi 
which has undergone absorption (by passage through a knot^n thickness of 
a liquid under observation, for instance). In the path of the beam which 
has not undergone absorption is interposed a Nicol prism, which TXilarises 
the light perpendicularly. The two beams of light are then thrown on the 
•plit of the spectroscopic portion of the apparatus, being brought into close 
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juxtaposition with a sharp dividing line by a prism of special design. The 
light after passing through the slit undergoes collimation, and is spread 
into a spectrum by a prism, and alter passing through a second Nicol 
prisni, 18 brought to a focus, and observed by an eye-piece. Two spectra 
are then seen one above the other with a very sharp dividing line between : 
the one bemg an absorption spectrum of the liquid substance under 
observation, the other spectrum being reducible by rotation of the second 
JNicol prism to any desired intensity. The intensity of this latter spectrum 
can be simply, deduced from the rotation of the second Nicol, and thus, by 
exact matching of any desired part of the two spectra, an exceedingly 
accurate measurement of the amount of absorption of the observed 
material cau be obtained. One can pass through the spectrum by a screw 
motion, yith^ a large drumhead on which the part of the spectrum under 
observation is marked in wave-lengths. Owing to the special form of 
pnsm used the telescope is rigidly fixed. 

The rotation of the second Nicol is read off by a vernier. The eye- 
piece has two shutters pushing in from right to left, by means of which 
any part of the spectrum can (je isolated. 

; Whoever uses the doublo slit for the first time will experience some 
^iMculty in educating his eye to appreciate small differences in the- 
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upper and lower half of the strip df colour. The main errors of 
observation are due to placing the eye in such a position that more 
« the one slit is seen than the other. It is essential to success for 
the two portions observed to be nearly equal. I'he double slit can 
also be used as a colorimeter; that is to say, by the use of a re- 
flecting prism and two fairly ecjual lights, the illumination by a 
little management is made equal, and then the light from the one 
solution, whose value is known, is caused to pass through the one 
slit, and the other rays from the second source of illumination are 
made to pass tlirougli the solution of unknown concentration through ' 
the other slit. Then by widening or narrowing the one slit the light 
is equalised. 

hi a similar way the colour of two samples of water can be^apjireciated ; 
or a sample of water can bo compared with distilled water. For this 
purpose a stratum of from 10 to 20 c.c. is necessary. 

In making comparative colorimetric observations by the aid of the 
double slit, the solutions by suitable dilution should be made approxi- 
mately equal, for equality produced by a moderate narrowing or widening 
the slit gives the best results. 

§ 67. Photography , — The introduction of dry plates and the general 
simplification of photography will, in a very little time, make its 
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practice general in all the larger laboratories for purposes of registra- 
tion. In important analyses, likely to entail evidence in the higher 
courts of justice, it might be useful (and will always be possible) to 
photograph certain analytical results. 

In the quantitative determination of mixtures of starches, a 
micro-photograph of the mixed starch and the ‘imitation* mixtures 
renders the counting of the number of starches in the field a very 
. easy operation. Similarly, if a measurement of any object be re- 
quired, a micro- photograph having been taken, and next a photo- 
graph of the stage micrometer with the same powers, the object may 
be measured more easily than in the ordinary way. It is also 
most useful for the analyst to have by him, in this way, a series 
of * picture records * for reference. Stein’s photographic micro- 
scope,^ when the object is not to make ^pretty pictures, nor to use 

• * Dm Licht im Dieustc wimrun^a/tlirher Forschungt by Dr. Tli. Stein. Leipaao, 1577. 
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high powers, is excellent. It mei^ely consists (see fig. 15) of a conical tulx 
turned out of boxwood, and fastoficd on to the microscope tube by mean 
of a screw, h. Combined with this funnel tube is a wooden tray, in whi^ 
the frame, e, d, /, //, easily slides backwards and forwards. Thin panes c 
glass are let in the cassette into this frame. Whilst the imago is boin 
adjusted, the l^iin glass, e, //, stands over ilie tube, and the prepared plat 
is put under the little cover at </, /. Tf the picture is well defined, th 
frame, c, <7, Qy /, is pushed into the tray, so that the part, .7, /, can stan 
over the microscope tube, and by a simple arrangement the photographi 
• • plate can be exposed. Direct sunshine will, iu some cases, be necessary 
and the rays should be transmitted through a cell containing the ammoni 
sulphate of copper. 

Quite as g >()d results may, however, be obtained without speck 
ajiparatus. • 

Place the microscope without the eyepiece iu a dark room. Suppoi 
the ground glass in a frame by means of a clamp in such a position ths 
it is exactly in focus, lift it off without shaking the instrument, an 
substitute a sensitive ])late. 

An ordinary eloctri(j lamp is enclosed in a box of such size that it ca 
bo placed undernoath the stage of the microscope, the light from the lam 
passing through a circular hole. Should an electric light not bo availabl 
then a wooden box with a loosely-fitting lid should be mounted on stoi 
legs. The edges of the lid should be lined with velveteen, Undemeaf 
the box a hole is cut, which is adapted to the wide end of the bellows ( 
a quarter-plate camera. 

The narrow end of the box is adapted to the top of the microscoj 
tid)e ; « couple of projections in the interior of the box are placed to su] 
j»rt the sensitive plate or ground glass. The source of light may be at 
oWinary lamp. * 

Provided the microscoj^K) has a short barrel, and that all the interior 
well hlaokoned, excellent photographs can be taken in this way. 

To photograph with high powers it is, however, best to purchase tl 
more elaborate apparatus sold by opticians. 

§ 58. Colour , — It will often be necessary to ascertain the exai 
colouring matter used to make articles of food attractive, more especial] 
confectionery, jellies, pickles, etc.^ 1'he question will generally resoh 
itself into deciding as to whether the colour is harmless or poisonous, an( 
if the latter, whether the poison is in sufficient quantity to injure the ooi 
Burner’s health. The poisonous colouring matters are those containiu 
lead, copper, arsenic, chromimu, and zinc, all of minei^al origin ; togethi 
with a few injurious organic colouring substances, such as gamboge an 
picric acid. The non-poisonous colouring matters are some of the anilii 
colours, 80 long as they are purej and contain no arsenic — saffron, turmeri 
anuatto, chlorophyll, and generally (with some exceptions) all organ: 
^ colours obiained from the vegetable and animal kingdoms. 

The first thing for the analyst to ascertain is whether the colourin 
material is insoluble or soluble in water, for, as a rule, with the exceptio 
of gamboge, the harmless colours are soluble, while the mineral are ii 
soluble in water. The organic colours are also bleached by a solution c 
hypochlorite of soda. The aniline colours are soluble in alcohol. 

The search for poisonous matters more properly belongs to, and is treated 
of in, the work on ‘ Poisons ’Iby one of the authors. With the exception c 
salts of lead and copper in small quantities, they are rarely met with i; 
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food, and even in the matter of ooi^fectioiiery, of late years, there has been 
a great improvement. As a rule, sweetmeats in England are not coloured 
^th injurious matters.^ 

The analyst having settled that the colouring matter is one of organic 
origin, by its being bleached by sodic-hypochlorite, and by its solubility in 
water or alcohol, will next proceed to study its spcctroscftpic character, 
either by using a pocket spectroscope or the micro-spectroscope already 
described. 

Mr. hsorby nuikes use for his instrument of little cells, cut from 
barometer tubing. They arc half-an-inch long, and with an external 
diameter of somewhat under half-an-inch j they are ground flat at each 
end, and cemented with Canada bplsam near one edge of a glass plate, so 
that they may be examined sideways or endways. In examinijig an un- 
known colouring matter, he adopts the following divisions : — ' 

1. Soluble in water, and not ]>rocipitatcd by alcohol. 

2. Soluble in water, but precipitated by alcohol. 

3. Insoluble in water, but soluble in alcohol. 

4. Insoluble in water and alcoliol. 

He next subdivides his main divisions according to the action of 
bisulphite of soda. 

'J'he organic colouring matters most likely to be found may be treated 
of in the order of the spectrum, beginning with the red. 

§ 59. 11et).s. — T he common reds are — cochineal, aniline reds, alkanot, 
and the madder colours alizarine and purpurine. 

Goefiineal , — Cochineal is a red complex colouring mutter, secreted by 
certain species of a peculiar family of insects feeding on the Cactus cocci- 
nellifiray 0. ojmniiaj 0. tuna^ C. peresJHa, The chief colouring mjjtter of 
cochineal is ‘ carminic aeid^’ the formula of which appears to be C^yHjgOjQ. 
By the action of dilute acids carminic acid splits up into sugar, and a* 
beautiful colour known as carmine-red thus — 

Carmlnlo add,' ^^■ater. Cariulne-red. Gluc(»»e, 

CnlliAo + 2H,0 = 0„H. A + C,11,„0,. 

Cochineal imparts its colouring mattei’s both to alcohol and water, and is 
precipitated by acetate of lead, carmiuate of lead being one of the con- 
stituent parts of the ])recipitate. The solutions of cochineal are purplish- 
red to crimson, turning a more or less rich violet-purple with alkalies, and 
becoming of a yellow colour on the addition of acids. The colour is well- 
known to chemists, as it is much used as an indicator for acids, being 
especially useful in titrating an alkaline liquid containing carbonates, since 
Carminic acid is not affected by carbon dioxide like so many other colouring 
matters. 

Cochineal in neutral solutions gives absorption bands, but not very 

* Tlii.s iH tlic moro necessaiy to state clearly, since, on t.lio Continent, veiy erroneous 
ideas piy\'ttil. Thus, in tlio “ Didiomaire des AlteraLiims et Fahifiraii^m^f** jMir M, A, 
Ohevollior et M. Fr. Baudriniont, Pans, 1878, the adulterations of I'lalf a century ago are 
eni^eratud ; and the reader is informed that the English oonfectitmers not only falsify 
their swwjtmoats with plaster, lime, starch, baryta, but frequently emjdoy bronze powder, 
tlie leaf foil of copper, tin, and carbonate and arsenite of copper, verdigris, chromate of 
lead, xcd lead, and vermilion ; and, further, that nearly all the ginger lozenges contain 
lead. Similarly, in Dr. Hermann Klencke^s “ Lexicon dsr in the article, 

“Conditorwaai'on,” it is stated that almost all the English confectionery ooutt^s lewl 
salts, often to the extent of one and a half |» 0 r cenJ; 1 ! All this is nonsense.. Such 
sdultorations have been found, it is tme : but instead of lieino eummnn. tJiev am mm anii 
BKoeptional. 
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definite when examined by the -*speet«o8oope ; if, howeier, it be made 
ammouiacal, then there are 'bands which differ in position only slightly 
from the absorption bauds of blood. ^ 

No. 18 (fig. 16) is a graphical illustration of the spectrum of cochinea 
in water; No. 19, in alcohol; and No. 20, on the addition of nitric acic 
{a) or NHg (h). * If alum is added to cochineal it loses its power of tuniinj 
yellow with acids, and the purpuriiie baud becomes so broad that the tw< 
bands almost run into each other. On addition of acetic acid they an 
separated, and appear as tolerably sharply defined bands between D and E 
.ind there is another at D. 

On dissolving cochineal with alum soliilioii, a lake is obtained; oi 
dissolving this in tartaric acid or dilute nitric acid, the solution gives t 
band at h aii<l E, and anolher close on I). Tlie nitric acid solution gives i 
spectrum vefy similar to blood. 

An aqueous solution of cochineal may be distinguished from the re( 
solutions of brazil-wood, sapan-wood, peach- wood, and a few others, by th( 
fact that the calcium salt of their colouring matters is violet, and readib 
soluble in water, while the calcium salt of coohineal-red is dark-purple o: 
almost black, and insoluble in water. 

The following are the absorption factors for carminic acid, as obtainec 
by using a solution containing 0*0001 grm. per c.c. with a drop of NHg^ 


At Temp. 20*0’. 

Absorption 

Factor. 

A 627*5 to A 609*5 

A 583*6 „ A 676*6 

A 562*6 „ A 540*6 

A 622*7 „ a5J3*2 

A 601 -6,, A 493*6 

A 482-8 „ A 475*0 

0*00118 

0*00016 

0*00010 

0*00008 

0*0^01 

0*00')14 


Aniline Rede . — The aniline reds are numerous ; the chief are tiiohsine 
safraniiie, and coralline. These three may be roughly distinguished frou 
each other by adding a dilute mineral acid : fuchsine becomes yellow 
safranine violet-blue, and coralliue gives a yellow precipitate. 

l^'ucJmncy or Roeamline, also called magenta, aniline red, and othe 
names. It is a mixture of hydrochloride or acetate of para-rowinilim 
(triamido - triphenyl - carbinol) and rosaniline (triamido - diphenyl - tolyl 
carbinol). It is distinguished from coralline, which gives a very^imilai 
spectrum (see No. 28) by the yellow colour with acids already mentioned. 

The alraorption spectrum of fuchsine bus been studied by many observei'a 
among others by Vierordt ^ and by Hartley.® 

In wisak solutions (0*024 mgrm. per c.c.) it phows an absorption band 
in the visible ^spectrum when viewed through a stratum 4 mm. thick, 
extending from A646'7 to A535*0 ; in stronger solution, 0*12 mgrm. per c.c., 
and viewed in a layer 4 mni, in thickness, the blind in the visible spectrum 


^ Ueber den EiufluBB der Temp, gefarbter Loflungen u. die Abtu^rption Spcctren der- 
selben zur quantitativon Spektralanalyse, by G. Kruaa u. H. Kriiss. Zeit. /. anargan* 
Chsmie, i. 

“ Op. eit. , • 

.. * “ The molecular structurob of carbon compounds and their absorption spectra.* 
/oura. Chm, Sik.^ li., 1887. « 
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occupies the region from X462 to«A.580 there are also two other bands in 
^ the ultra-violet — viz., one from A,300 to X283, and another from ^,247 to 
N!l 231, both, of course, invisible save with a Sorot’s ocular or other similar 
arrangement. A solution of rosaniline hydrochloride in alcohol (0*155 
mgrm. per c.c.) in a layer of 5 mm. gives an absorption in the visible 
spectrum from X591 to A456, and in the ultra-violet from kSlO to A.274. 



The absorption factor for the 8i)ectrum, from a to II, has been worked 
out by Vicr(;rdt, and, reducing his notation to wave lengths, tlie following 
are tlie results from P> to F : - 

No. ‘ 1. A diagrainmatio repivsentatioii of the bands of No. 2. 

,, 2. Absoii»tion spectra of clear blue cobalt glH.ss. 

,, 3. Absorjjtioii s]KKitra of dark blue cobalt glass. 

,, 4. Diagrammatic repivHciitatiou of No. 3. 

„ 6. Alcoholic solution of alizariue. 

,, 6. Alcoholic solution of alizarine made alkaline with ammonia. 

„ 7. Aqueous amnioniacal solution of alizarine. 

8. Alcoholic solution of alizarine made alkaline by potash. 

,, 9. Sulplioxanthraqiiinone in alcoholic solution alkaliscd by potash. 

,, 10. Aqueous solution of suljilioxauthraquiuoue made alkaline by potash. 

„ 11. Alcoholic solution of imrpuiine. 

„ 12. The same alktilised by ammonia. 

,, 13. The same alkalised by potash. 

,, 14. A neutral solution of afizarinamid. 

,, 15. An ammoniacal solution of alizarinamid. • 

16. A neutral solution of purpuriuamid. 
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No. 17. The same alkalised by barytA • 

,, 18. An aqueous solution of cochftieal. 

,, 19. A dilute alcoholic solution of cochineal. 

„ 20. Cochineal in concentrated watery solution with (o) nitiic acid, (ft) ammonia, * 
,, 21. Logwood, (a) concentrated watery solution, (/>) dilute. 

,, 22. The same with the addition of nitric acid. 

. . . Tlie same alkalised by ammonia. 

,, 23. A decoction of brazil-wood. 

,, 24. The same alkalised by ammonia. 

,, 2f». Litmus, (a) concentrated, (/>) dilute. 

,, 2(). The same made acid, (a) concentrated, (i) dilute. 

,, 27. Dilute solution of fuebsine. 

,, 28. Alcoholic solution of comlliuc. 

„ 29. Alcoholic solution of eosiu, («) concentrated, (b) dilute. 

,, 30. Safranine, (a) concentrated, (6) dilute. 

,, 81. Na]»bthaliue red, (a) concentrated, {b) dilute. 

,, 32. Cificuma, (a) concentrated, (&) dilute, (c) strongly diluted. 

,, 33. Fluoresccine, (rt) somewhat concentrated, (t) dilute. 

,, 34. Fustic extract. 

,, 35. Fresh chlorophyll in alcoholic solution. 

, , 3(J. Old chlorophyll solution. 

,, 37. Wine colouring-matter, (I.) pure, (11.) diluted. 

„ 38. Wine colouring-matter i-NJla. 

„ 39. (I.) Miillow colouring-matter concentrated, (II.) Pllderherry concentrated. 

„ 40. Acid cheiTy ; — (b.) Acid cherry, with addition of tannin. 

,, 41, Mallow colouring- matter, with the addition of alum. 

„ 42. Indigo solution. 


lUOHTEU TOUT ION OF THE SrEOTRUM 
Wave I.eiiffth8. 

679*9 to 663*2, 

- 663*2 „ 646*2, 

^ 646*2 „ 629*4, 

.• 629*4 „ 612*0, 

612*6 „ 695*9, 


EXTENDING FROM B NEARLY TO 1). 

Absorption Factor. 
*01447 
•00449 


Dahkbr I’ORTJON of TUB Spectrum from ai 


BOUT D TO F 


596;.9 
582*8 
569*9 
5.57 *0 
646*8 
635*0 
623*6 
516*3 
508*5 
501*1 
494*2 


„ .582*3, 
■„ .569*9, 
„ 557*0, 
„ 646*8, 
„ 636*0, 
„ 528*6, 
„ 616*3, 
„ 608*5, 
„ 601*1, 
„ 494*2, 
„ 480*0, 


•00207 

•00117 

•000517 


•000127 

•0000592 

•00002288 

•00001248 

•000007819 

•000009669 

•00001222 

•00001376 

•00001894 

•0000168 

•0(00176 


Safranine dissolves in alcohol with a fine rose-red colour, with a weal 
red fluorescence. Its spectrum is shown \u No. 30 (a, concentrated solu 
tion, 6, dilute) ; it is like that of eosin (No. 29), but the spectrum of eosii 
is changed by nitric acid, that of safranine is unchanged. From a solutioi 
containing safranine, safranine may be extracted by sliaking it up with iti 
own volume of amyl-alcohol in any ordinary sepaiating tube. 

The spectrum of naphthaline-red is figui*ed No. 31, after Vogel, but it ii 
not quite accurate, for it gives a delicate shaded band from to X558 
and a band extending from E to A472. 

Coralline and Aurim (roaolic acid) give a, very similar spectrum. Th< 
spectrum of aurine, according to Noel Hartley, in 0*00058 grm. per c.o. 
viewed in a layer of 3 mm., consists of a band, X616 to A361, in thi 
visible, and also a band in the ftjtra violet spectrum, X286 to A256 ; in weakfli 
solution (0*000116 grm.) there is a single band, X484 to A467. 
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Ponceau 2 II ((!!,oTL,No 07 S„N'?rn), thf sodium salt of xylene-azo-^ 
naphthol-disalphonic acid;" 

^ Ponceau 3 H, the similar salt of cumene ; 

Congo-red^ C.jjjHgijN^jOySoNag, the sodium salt of dipheiiyl-diazo 
binaphthioiiio acid, all ^nve a similar spectrum, a broad hiud in the green, 
from about A448 to X488. 

KrytliroBine (pldoxine), Cjj„lIgOrJ.,Na 2 , the soflium (or ]K)tas 8 ium) salt 
of tctra-iodofluorcseoinc, gives two bands in dilute solution, the one 
extending from X488 to Xh30, theji a narrower band between D and E, 
X650 to A5r)8. 

Fad PpaI^ CyJIj^NgO^SNa, the sodium salt of p-sulpho-naphthalenc-azo- 
/8-naphthol, gives in solutions of 0*04 mgmi. per 100 c.c. viewed through 
1 mm., a band between V and (b XI 41 to X439. ^ 

Bieh'ich Srarlei^ C 2 dfi 4 N^(bS 2 Na 2 , the sodium salt of sulpho-bcnzene- 
azo-sulphobeuzone-jizo-^-naplithol, gives in a solution, 3 nun. thick, strength 
0*56 mgnii. per 100 c.c., a baud extending from X518 to X438 (Ifartleij), 

CrorohiP Scarbi^ CojHijjNjO^S^Na.^, the sodium salt of sulpho-tobiene azo- 
toluene-azO'/J-naplithol-/? sulphonic aci<l, gives in a solution, 2 mm. thick, 
strength 0*45 mgrin, per 100 c.c., a band from X520 to X479. 

AUmnetf the root of Anchusa Hndona^ contains a red colouring- matter, 
insoluble in water, but soluble in alkalies, alcohol, etlicr, and fatty oils. 
The colouring-imittor appears to be auchusic acid, In dilute 

solutions the spectrum shows three absorption-bands; on the addition 
of a trace of a magnesium salt, a fourth absorption-band ap})ears, hence 
alkunot-rcd is a test for magnesium salts, and conversely a magnesium salt 
is a test for alkanet-rcd.^ It may not uiifrequently be found as the colour- 
ing-matters of tooth tinctures, hair oil, etc. *’ 

' Madder. — The root of the madder, Ruhia tinefonum^ contains two 

colouring-matters — alizarine and purpurine — with others less studied. 

AIiz((rine, Cj^IIyO^, crystallises from au alcoholic solution in yellowish- 
red crystals, and inav be sublimed as brilliant red needles at temperatures 
a little above 100 . The needles are sparingly soluble in water, but 
dissolve freely in alcohol and ether. Alizarine is now made artificially on a 
large scale. The alcoholic solution of artificial alizarine shows no bauds, 
but there is e.\tiuction of the violet up to the green (see Ko. 5). On the 
Edition of ammonia the solution changes to a beautiful red, with weak 
bands in the green (No. 6 ) ; the aqueous ammoniacal solution gives two 
bands (No. 7); the alcoholic solution made alkaline with potash gives 
evidence of a third feeble band (No. 8 ). Natural alizarine is not now 
much used, but it may be at once distinguished from the artificial by its 
giving al)sorpti 0 u- bands in an alcoholic solution. 

Alizarine may be also distinguished by chemical tests : copper acetate 
added to a solution in alcohol gives a purple precipitate, aluminium acetate 
“gives a red precipitate iii ,an alkaline solution, and ferrous acetate and other 
iron salts give a dark bliie violet precipitate. Blue precipitate are also 
formed on the addition of either barium chloride or calcium chloride to 
alkaline solutions. 'J'hese precipitates have respectively the composition 
C^HgO^Ba and Ci 4 Hg 04 Ga. 

Purpurine^ Cj^HyOg, crystallising from, an alcoholic solution in yellow 

^ Magti6siuiir«alts also alter more or less eharaoteristically the spectrum of juice of 
-elder berries, the colon rin;;>niatter8 of the beet, dahlid, dragon’s mouth, horse chestnut, 
hyacinth, violet, rhododendron, purple aster, and him^fariims^ Bmehte der deultr^ 
'casm. QeselUch^, ziii. 766-768. c 



neediest and subliming like alizaj-ine in ' red needles, dissolves ifi alkalies 
with a dark red colour ; it gives^ot bl!ie but purple precipitates with the ' 
chlorides of calcium or barium. The alcoholic solution gives (see Noy 
11) weak absorption-bands at F and at Z»E. The spectrum on the 
addition of ammonia or pobish becomes very characteristic (see Kos. 12 
and 13). 

SaJ}lnwn\ — ^I’he safflower, Carthamm UnctoriuHf contains in its petals 
several colouring-matters, chief among which is carthaniine or carthamic 
acid, Carthamine turns red in alkaline solutions, and may be 

precipitated red by an acid. It is met with usually as a delicate pink or 
red dye, and forms the usual colouring-matter of rouge. 

Logwood contains a colouring-matter named humatoxiflin^ CjJl3^0y4‘ 
SITgO, crystallising from water in yellow prisms ; this changes by the action 
of the air a^d ammonia into a red or pnrple substance named Jnematein 
(C](jHi 30 jj) 3 N. It may also be produced by adding nitric acid to an 
ethereal solution of hsematoxylin. Hiemateiu always exists in the free 
state in the wood, and an alcoholic tincture gives the reaction of 
luematein. The spcctnim of the logwood colouring-matters is delineated 
in Nos. 21 and 22. Alkalies turn the tincture first red, and then 
violet. 'I’he best test, however, is the addition of an aliirainons salt 
to an ammoniacal tincture of logwood, tlie result being the formation of an 
abundant bluish- violet precipitate. To test for alum, chips of logwood are 
boiled with water and the solution diluted until tlie spectrum sIjows the 
edge of the band close to the D line, as represented in fig. 16, curve 22 ; 
on now adding a dmp of a solution of alum, 1 per cent., the absorption in 
the blue disappears, and a single band makes its appearance, having ite 
centre aboujj^. the line D, and 
extendfflg from E tq between 0 
and I), or to about X628--tb« 
curve tlien having the position 
shown in fig.;/}!: 1 mgrm. of _ 
either alum 

this way recognifttd. Iron inter- 
feres with the test, and should it be present, Vogel recommends its con- 
version into the ferrous condition, to add ammonium sulphocyanido, and to 
extract the siilphocyanide with other, iron sulphocyanide being soluble in 
ether; in this way he has been able to detect alum in a mixture of 1 of 
alum and 40 of an iron salt (r^. cit). Coloured liquids, such as wine, are 
decolorised by a little Kitu de Javelle and hydrochloric acid, boiled with 
alcohol, neutralised, and filtered. 

Brazil-wood, sapan-wood, lima- wood, peach wood, and some others, yield 
a glucoside, which splits up into sugar and h'osiline, C 22 H 2 <)^ 7 * Alkalies 
turn brasiline a crimson colour, and the crimson solution gives blackish- 
violet precipitates with aluminium and stannic salts. It is oxidised slowly 
in the air, or rapidly by ihe action of nitric acid into a red ciystalline body, 
brasUein ( 022 ^ 19 ^^) 3 ^* spectrum of brazil-wood extract in solution 
is delineated in Nos. 23 and 24. 

There is also a red colouring-matter yielded by the santal-wood named 
* santaliny and occurring in microscopic red crystals insoluble in water, but 
dissolving in alcohol, with a red colour, turning to violet on the addition of 
alkalies. 

The Red Juim of Fruits and Refries.— Red currants when fresh show 
a band between D and F, tHe*oentre of the band being nearly at E. In 
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dilute Bolutions there are indications that this is really a double band: 
when acidified, the colour can be^ shaken out with amyl alcohol. 

^ The red colouring-matter of the strawberry is fdso Hiniilar, if not 
identical. It gives a double band in the green, an<l the colour is dissolved 
from the acid solution by amyl alcoliol. 

The raspberry has also a similar, if not i<lenticfil, colouiyng-matter. 

The spectnirn of thest! vegeUble juices apj)ears to be analogous to tbt 
red in the ebromatophore of the lobster {ThwHrlmrn). 

The red berries of tlie common as])arngua contain a yellow ooloui 
soluble in water, and a red colouring-matter soluble in alcohol. The lattei 
colouring-matter gives two well-defined bands between F and (1. 

The red berrie.s of Grataetjufi also give a two-banded spectrum, the om 
between E and F, the other midway Ijctween F and (1. 

All these colouring-niattcrs, ho\vever, rccpiire further pivestigation, 
especially with regard to the ultra-violet and infra-red portions of tlu 
spectrum, both of which are invisible. The infra-red spectrum wil 
specially rej)ay study. A method of examinatitm of this ])ortion hat 
been discovered of great ac(;uracy. A fmc wire, through which a feehh 
current of electjdcal current passes, is slowly, hy means of a delicate micro 
meter arrangement, moved along the invisible spectrinn, and wdiere then 
are absorption kinds or lines the electrical current is affected as measurec 
and shown hy a galvanometer. The ultra-violet part, if a (piartz train o1 
prisms and lenses be used, can be easily pliotograjthed or may be viewed bj 
a Soret’s ocular. 

The red colouring-mattei’s of the grape and various rods used to colo\ii 
wines arc dealt with specitilly in the article on Winn. 

As with other colours, so with red tints generally ; if they are onc( 
identified, imitation mixtures can bo made and estimated colorimecrically 
or, if the absoi’|)tioii factor is known, they may be esfi mated by t 
spectroscope with a double slit and a suitable shntter connected with th( 
ocular. 

§ 60. Orangk and Yellow. — The most common omuges and' yellowt 
are the aimatto colours : curcuma, picric acid, fustic, chrysopbanic acid, 
gamboge, and aniline oranges and yellows. 

The Annatlo Go! ours. — The colouring-matters of the aunatto are two 
substances, one a yellow, orellin ; another a cinnabar red substance, fnxin. 
The latter is described in the article on ‘ Anuatto/ The amiatto colouring- 
matters are not soluble in water, but are easily dissolved by alcohol. 
The alcoholic solution is orange red, and non-fiuoi;e8cent. On the addition 
of nitric acid it becomes turbid. On dilution with water, there is a strong 
fluorescence, and it becomes yellowy-green. It then absorbs, like ferric 
chloride, the whole left side of the spectrum E, and half to I). 

I'urnieric is the root of Gurcuma The colouring-matter is 

eurctminf CglTj^Og, insoluble in cold water, and sparingly soluble in 
boiling water. It is very soluble in alcohol, and forms brilliant yellow 
crystals. Turmeric moistened with boric acid and dried assumes an 
orange colour, changed by alkalies into a blue ; this is due to the formation 
of a compound soluble in alcohol, forming a red solution, and crystallising 
in lustrous green crystals, to which the name of rosocnanin has been 
. giveni No. 32 show’s the spectroscopic appearances of curcumin. 

Picric Acid (CqTT 8 (N 0 .,) 30 ), also called carhazotic add and trinitro- 
phenol^ is formed commercially by dissolving^henol in sulphuric acid, and 
then treating the solution with nitric acid, it crystallises from hot water 
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iu yellow plates, having a very bitter taste. The salts are ex])lijsive. It is 
taken up from acid watery solutidfis by ^>etrolcum-c‘tlu.‘r, other, or benzine, 
and hence can be readily obtained pure enough for o.xainination. 

Picric acid is not precipitated by acetate of learl. The chief (‘heinieal 
Lest is the production of isopurpurate of potash, which is tlu* result of adding 
cyanide of potassium, and gently warming. 

The reaction is represented as follow’s : — 

C6H3(N0.,),0 + 3CNK + 21 J.p = C hUjN,AiK + COsKe l NITa. 

* Jsopurpiirate of potash is of a blood-red colour. 

FvmHc is the general name for yellow colours found in the wood of 
the Morm tinrtoria. 

The woocWjou tains two distinct colouring-matters ; the one, morifannic 
acid, (JjgHjgOg-i- HoO, soluble in liot water, and forming yellow crysUls; 
the other, rntyrine, CpjHyOf,, is but sj)aringly soluble in water; crysbillised 
from alcohol the substance forms yellow needles. P>oth give yellow pre- 
cipitates with acetate of lead, llie spectroscopic ap])(^aninceH of fustic 
are shown in No. 34 (a.) in concentrated, (/>.) in dilute solution. 

Ghrymplianic Acid, C.\ ,H.( 0113)02(01 melting point 178 “, appears to 
be dioxymethylanthra(juinone. It is contained in the rhubarb and wall 
lichen {Fai'mdia jtarieliita). In commerce it is in the foini of six-sided 
tabular crystals, of a pale to an orange-yellow colour. It is very readily 
extracted from rhubarl) which has been previously macerated in water, 
pressed, and dried, by digesting the rhubarb in benzine. The crystals are 
soluble in ether, oil of turpentine, coal-naphtha, benzine, and other hydro- 
carlwns. 

The sjwctrum of chry^phanic acid is very similar to that of natural 
alizarine. Solutions of chrysophanic acid give, with alkalies, a rii^h purple 
colour. An ammoniacal solution of chrysophanic acid yields, with alum, 
a beautiful rose-coloured precipitate. An alcoholic solution of subacetate 
of lead gives, in the alcoholic solution, a red-white precipitate. Chry- 
sophanic acid, on being oxidised with nitric acid, yields methylanthra- 

quinone, CiaHioOr . . . , 

Gamhoye . — This is a colourmg-mattcr derived from the Gamma 
morella, var. pedicellata. It is a gum resin, to which the formula of - 
CaoHggOg has been ascribed. It is very insoluble in water, but soluble 
in alcohol. 

In order to detect it in sweetmeats, to which it has occasionally been 
added, the yellow colouring-matter is dissolved in alcohol, and i^recipitated 
by water, a reaction at once showing that it is of resinous nature. 
The precipitate, if gamboge, will give a red colour with an alkali. It 
is without doubt a poisonous colour, but the question of quantity must 
be considered. Sixty grains have caused death, and five grains is a 
medicinal dose ; and since some persons, especially cbildren, are peculiarly 
susceptible to the action of medicines, even quantities so small as a 
third of a grain in a couple of ounces of sweets, should be considered 
as having possibly an injurioTis HCtion. 

Aniline Oranges and Yellows. — Eosine, Cg^HgOgBr^Naj, the alkali 
salt of tctra-bromo-fluoresceine, is a reddish-brown powder soluble in 
water, the solution being of a reddish-orange with green fluorescence; 
it gives a yellow-red colour, qj:, if in strong solution, a red precipitate 
with hydrochloric acid. All the derivatives of fluoresceine have a similar 
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spoctruili, of which cosine may be takei? as the type. Moderately diluted, 
there is an intense dark band m*thc this, farther diluted, divides 

into two well-marked bands, the respective centres of which (in an 
alcoholic solution) are A,525 and A.491; the same bands, slightly altered 
in position, are seen in clhyl-oosino, rose bengal and phloxin. Eosine as 
a dye may often be recognised by the s{)ee.trum of thQ fabric strongly 
lit by the rcticcted rays of tlie sun, or by the lime or electric light. The 
fibre may also ho digested in slightly Jicidificd alcohol; the alcoholic 
extract is then taken up by amyl .alcohol, a drop of ammonia added, and 
the spectroscopic appearances noted. The absorjdion factors of eosine from 
a solution of O’Ol mgrm. per c.c, have been ascertained by Kriiss for the 
following wave lengtlis : — 


Temp. 20". 

Wavii LenKtlu 


AI>sori)tlon Fdi'tor. 

678-9 to 656*2 


. U -00025 

627-5 , 

609 -.5 


. 0 -00020 

588 6 , 

576*6 


. 0 -000 12 

662*6 , 

, 540-6 


. 0-0000,5.5 

.522*7 , 

, 518*2 


. o‘( ooooro 

.501 *6 , 

498*6 


. 0-0000187 

482-8 , 

, 475-0 


. 0 "0000-221 

469-0 , 

, 461 -5 


. 0-0000344 


Croceine Oramjo (Ponceau 4), CKjH^jN./l^SNa, is the sodium salt of 
benzenft-azo-/;i-naphthol-j8-8iilph()nic acid. This dye is soluble in water 
with an orange colour. Hydrochloric acid gives a brownish-yellow pre- 
cipitate. It gives a spectruin in which a single broad band occupies half 
of the green and some of the blue ; the baud in dilute solutioij. extends 
from about A5’2G to A.438. 

Orawfo T (Mandarin (1 11), Oj^H^yNgO^SNa, is the sodium salt of 
Bulpho-o-toluene-azo-^naphthol, it is soluble in water, and piocipitated by 
hydrochloric acid in brown flocks. It gives a similar spectrum to the 
above. 

Ora7ige I (Tropapoline 000), OjyHjjNjjO^HE^a, is the sodium salt of 
;?-sulpho-benzeno-azb-a-naphthol, while Orange II is the similar comt)Ound 
of /i-naphthol ; the former gives a brownish-yellow colour to hydrochloric 
acid, and precipitates in brown flocks. It gives a spectrum similar to 
oroceiuc orange ; 0-2 mgrm. in 1 c.c., viewed in a stratum of 4 mm., gives a 
baud extending from X530 to X399. 

Resorcin Yelloic (Tropaeoline 0), CjoHoNgO^SNa, is the sodium salt of 
p-8ulpho-benzene-azo-ro8orcinol ; it is soluble in w’ater, and not changed by 
hydrochloric acid ; dissolved in the projiortion of 0*2 mgrm. in a c.c. of 
water, and viewed in a stratum of 4 mm., it gives a single bmid from A.475 
to X361 {ffarlh'i/). 

Diph&njilamine Orange (Orange IV— Tropmolinc 00 — Fast yellow), 
Hi 4 N 503 SNa, is the S(xlium salt of j>-sulpho-benzene-azo-diphcnylamine. 
The salt dissolves in water readily; it gives a violet precipitate with 
hydrochloric acid. It gives no banis, but cuts off the violet and blue 
rays. 

Chrysoidine^ CjaHigN^Cly, is the hydrochloride of diamido-azo-bonzene. 
In commerce it is more often mixed with other colours ; thus, mixed with 
magenta, it is known as ^oordinar; with safranine, it is known as 
* scarlet for cotton ^ ; it is soluble in wateiv and strikes with hydrochloric 
acid ail orange-brown colour. It gives a band in the visible spectrum, when 
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in the concentration of 0 8 mgrrl. per^c.c., and viewed through 2 mm., 
extending from X494 to X439 ; in a striitum of 3 mm. there is a band in 
the ultra violet from A.247 to Xi32 {Uartlmj). 

Meihijl Ora age (Orange ITT — IJeliantliine), C^jlf^^NgSOgNa, is the 
jdium salt of yj-snlpho-lionzene-azo-dimethylaniline ; it is a common 
laboratory reagent as an indicator for alkalies and acids. It is readily 
soluble in water to an orange solution, and strikes a magenta-red with 
hydrochloric acid and other acids. Methyl orange in a concentration equal 
to 0*3 mgrm. per c.c., and viewed through a stratum of 3 mm., gives a band 
^extending from X509 to X3()l ; it, therefore, shuts off all the violet and 
blue rays, as well as some of the gi*een. It also, under the same conditions, 
gives a spectrum in tlie ultra violet, extending from \270 to X256. In a 
more dilute solution (0‘06 mgrm. per c.c.) it gives a band from \458 toA407 
(lla7'tlen). • 

Met anil Yellow^ CigH^^NjjOgSN^a, is the sodium salt of ?w-sulpho-benzene- 
axo-dij)henylamine ; it is soluble in water, and gives a crimson colour with 
hydrochloric acid. It gives no band in the visible spcctmm, but shuts off 
all the violet and blue rays. 

Phosphine, (Chrysaniline), Ci^IlK-N^Og, is the nitrate of diamido-phenyl- 
acridine and its homologues. This colour is soluble in water, and does not 
change colour with hydrochloric acid. It gives a shadowy band from X486 
to A.508 in the visible spectrum. 

§ 61. The OiiBKNs — are chlorophyll and the aniline greens. 

Chlorophyll^ the green colouring-matter of plants. It would appear 
that it is now possible to separate chlorophyll in a crystalline state. The 
merit of this discovery belongs to A. (lautier, who crystallised chlorophyll 
in 1877^^ and two years afterwards Hoppe-Seyler,‘*^ without knowing of 
Gautier’s paper, described the same substance under the name of chloro- 
phyllone. Gautier’s method is as folhnvs : — The leaves are pounded in a 
mortar, and sodic carbonate added in quantity nearly sufficient to neutra- 
lise the acid juices, and the product strongly pressed. The marc is then 
exhausted at 55°, and again strongly pressed ; to the exhausted substance 
alcohol is added, and the whole digested at 83'’ ; chlorophyll, wax, pig- 
ments, fat, and other matters dissolve. The liquid is filtered and digested 
with coarse animal charcoal, which has been previously washed. At the 
end of four or five days it has lost its green colour, and becomes yellowish- 
or brownish-green. The charcoal retains the chlorophyll, and is now 
washed with alcohol at 65”; the latter removes a yellow crystallisable 
substance generally acconipan}’ing chlorophyll, and intimately allied to it 
in composition. 

From the animal black thus freed from the yellow substance, chloro- 
phyll may be extracted by anhydrous ether, or \ery light petroleum ether. 
A slow evaporation in the dark will yield it in crystals. Thus obtained, 
chlorophyll forms flat, often radiating crystals, which may be more than a 
centimetre in length, soft in consistence, and of an ’utenso green colour 
when recent, but slowly changing to yellowish -green, or greenish-brown. 
If the crystallisation is too rapid,^ these long crystals are not obtained, but 
green masses composed of microscopical crystals, belonging to the rhorabo- 
hedral system. 

Diffused light changes chlorophyll to yellowish-green, and ultimately ■ 

* Bulletin de la SoeUti Chem. J. xxviii., 1877, p. 147. Cmptea rendvx, Izxxix., 
p. 861. 

* Berichte der deutaeJm chem. Omllsehc^t, 1879. 
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decolouriseti it. ITie cryntals dissolve/ in ether, chloroform, petroleum, 
carbon disulphide, and benzine. Difijcstcd with hydrochloric acid, chloro- 
phyll splits u)) into two now suhstiinces, one giving a beautiful blue 
solution, the other remaining insoluble, but dissolving with a brown colour 
in hot ether and alcohol, from which it appears inclined to crystallise. 
Fremy, who was the first to notice this splitting-up of chlorophyll, called 
the first substance phyllocyanine, and the last pbylloxanthine. 

The ultimate analyses of chloropliyll by Hoppe-Seyler and Gautier 
agree fairly well, especially as Hojipe-Seylcr’s chlorophyll being derived 
from monocotyledonous and Gautiers from dicotyledonous jjlants, it is, 
possible there may be some slight difrorenco in their comj)osition. Chloro- 
phyll has not yet been obtaine<l free from ash. 


Carbon, 

Uoppe-Scyler. (iautit'i', 

. 73‘4 73-77 

Hydriigen, . 

. 970 9-«() 

Nitrogen, 

Phospliorus, 

. 5-62 4-15 

. 1-37 


Hoppc'Jit-'yler. Ouiitter. 
Phospliate.s, Asli, . ... 175 

Magupsia, . . ‘34 

Oxygen, . 9 ‘57 10 ‘33 


Mr. Sorby has studied the colouring-matters of hsaves, and has divided 
them into five groups: — 1, Chlorophyll; 2, xanthojdiyll ; 3, erythrophyll ; 
4, chrysophyll ; and 5, phaiopliyll. 

The Chlorophyll group are all green in colour ; the members are insoluble 
in water, but soluble in alcohol or carbon disulphide. The absorption-band 
is in the red, but the green is more or less completely transmitted, so that 
the prevailing tint is a more or less modified green. There appear to be 
several members of the group; one kind (which is probably the crystalline 
chlorophyll just described) occurs nearly pure in small aquatic plants, allied 
to the Gscillatoria ; the green leaves of plants contain this, along i^ith one 
which gives special absorption-bands. A third kind is the result of the 
action of acids on this, found more especially in autumnal leaves which 
have become brown. A fourth is in faded Confervae, and turns blue when 
acted upon by hydrochloric acid (Fremy’s phyllocyanine ?). 

Xanthophyll . — This is a group of orange colours. They are insoluble in 
water, but soluble in alcohol or carbon disulphide. The general tint of the 
spectrum is orange, there is absorption at the blue end, often more or less 
marked narrow bands. These bauds are best seen in carbon disulphide 
solution. Examples of two species of xanthophyll are the inner and outer 
layers of the common carrot. 

Xrythrophyll . — A group of reds. They are soluble in water and weak 
alcohol, but not in carbon disulphide. There are many varieties. There 
is a strong absorption in the green parts of the spectrum. 

Ghry$ophyU is a golden-yellow colour, soluble in water and weak alcohol, 
like the last, and insoluble in carbon disulphide. 

The Fhaioplnjll group consists of various browns, due to the oxidation 
of chlorophyll. They give no definite absorption-bands. 

The spectrum of chlorophyll is given in Nos. 35 and 36 (fig. 16). ' No. 35 
is an alcoholic solution of fresh chlorophyll. There are two well-defined 
absorption-ljands in the red,. and two others, somewhat weaker, between E and 
The blue end of the spectrum, up to F, is dark. Old solutions (No. 36) 
In coin^® somewhat, and a fi^th baud appears between F and C.^ 

magenta, lore recent studies of chlorophyll are those of Wilhelm Mullermeister in ZeU, 
* scarlet foj?*^*^i Richard WilJstatter, 1907 and 1908; and 

acid an oraTJJf*“» abstracts in Vhim, Soc. JouttmI^ 1908, i., 197-199, 
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Green, if not due to chloroph]ji], noin to colonring-matters ui uupjnir or ^ 
metallic origin, may be one of the aniline greens, such as aldehyde or iodine 
green. 

AldehyJe Greeny CooHo-^N.^SoO, is made hy the ae.tion of aldehyde on 
j'osaniline and treatment of the ])rodn(jt with sodium hyposulpliito. It is 
only maniifactnitid in small quantities, its place having been taken hy other 
greens. It is insoluble in water, hut soluble in alcohol. 'J'he spectrum of 
aldehyde green (1 ), mcthylrosanilino picrato (2), iodine green (3), and malachite 
green (4) are all similar, hut hy the aid of tests and com])arative solutions 
may he distinguished from each other. 

The following diagram (fig. 18), after 
Vogel, sufliciently indicates tlie diUbr* i. 
enccs between the spectra. ^ 

Mr. Hartley has invcistigated the 
spectrum of iodine green in a concentra- 
tion of 1’25 mgrm. })er c.c., viewed in a 4. 
stratum of 5 mm. ; it gives the following 
hands:— In the visible part two hands, 
one from X694 to ^545, the other from 
X434 to X410 ; in the ultra violet a single 
hand from A,324 to X286 ; hut in a layer of 4 mm. two hands are seen in 
the ultra violet, one from A3 17 to A286, the other from A256 to A235. 
Probably most, if not all, of the aniline greens give hands in the ultra 
violet. 



Kks. 18 . 


ij 62. Indigos and Violicts. — The chief blues to ho found, not of 
mineral origin, are indigo, litmus, and the aniline colours. 

Indigo . — Indigo is tlui produce of a great number of plants, most of 
which belong to dillcrent species of Indoyiferu. It would seem that the 
indigo exists in those f)lants in the form of a syrupy glucoside, which has 
been named indicaiiy and splits up into indiylucin and imiifjodduey according 
to the equation, 

Iiidioun. Water. IndiRO-blue. Iiidiuliuiii. 

C52II 621^2^184 10^2^2 + ^CuHjqO,.. 


In the treatment of the crude substance hy acids, other red and yellow 
colouring-matters are thrown down with the indigo. Pure indigotin has to 
be freed from these impurities, and may be crystallised in minute crystals. 
It is also capable of sublimation. 

Crystalline indigotin is of a deep purple colour, and is insoluble in water, 
dilute acids, and alkalies. It is converted iDb> orange crystals of imtiny 


by treatment with oxidising agents. Indigotin is dis- 
solved in concentrated sulphuric acid, and two compounds are formed — the 
one, indigo mmom! phonic acid, or imiigo-purpunc aci^b Cj(;HjjNo02(S03H), 
which is first formed ; and the other indigo disulphonic acid, Cj,.H3l7202 
(80311)2, which is formed later.. The first is easily separated from the 
second, for it is precipitated by the addition of w’ater. A sodium salt 
of indigo-sulphuric acid is used much in laboratories under the name 
of indigo-carmine as a test for nitrates, as well as for their estimation, 
oxidising agents converting it into imtin-mlphonir, acid, CiqH 3N204(S0 jjH) 2, 
which has an orange colour ; hRiice, when a liquid containing a nitrate is 
acidified strongly with sulphuric acid, and a solution of iiidigo-carruine run 
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into the hot solution; the colour change^ at first to yellow until an excess 
of indigo has been added. The spectrum of indigo, in eoncentratod solution, 
is shown in No. 42. There are no bands, but absorption of the red, orange, 
and yellow end of the spectrum, indigo can bo doteniiined quantitatively 
by the specstroscope; the absoiqition factor for A.412‘7 to X59r)'9 is 0*0000142. 

Litmus is a blue colour obtained from lichens, and* very familiar to 
chemists as an indicator of acids. As a colouring agent of cither foods 
or stiifta, it is of little importance, not being a Mast colour,* Its si^cctrum 
is shown Nos. 21) and 26. » 

Aniline Blues . — The aniline blues and violets are numerous, and give, 
spectra in which may be seen one or more bauds in the red. 

MetJujlme Bluo, or ((\,.H,^N 3 SCl )2 + ZnClo + HoO, is the 

hydrochloride, or may bo found as the zinc double chloride of tetra-mcthyl- 
thionino. It is easily soluble in water, but less solubfe in alcohol. 
Keducing agents reduce it to leucomethylene blue, the air oxidising it 
back again to methylene blue. Concentrated solutions shut off all red 
and yellow up to A.547 ; more dilute ones show a band from I) to C (A589 
to X622). 

The absorption factor has been worked out for certain wave lengths.^ 


Temp. 20’ 
Wave Jiengihs. 
aG 78*9 to \656*2 
X627*6 to AG09-6 
X583*6 to a. 576’6 
X552-G to x540-tf 
x6227toAr)13'2 
X501 '6 to X493-6 
X482‘8 to X47C*0 
X469 0 tox461*6 


Absorption Factor. 

0-0001998 

0-000265 

0-000725 

0-00125 

0-00308 

0-00326 

0-005 • 

0-0176 


Mauve (Perkins’ Violet), the colouring-matter of postage stamps, is 
soluble in water, and gives a bund from \614 to ^558. 

Aniline Blue (soluble in spirit) is the hydrochloride, sulphate or acetate 
of tripbenyl-rosaniline and triphenyl-para-rosaniline. These blues are 
insoluble in water ; properly diluted they give a baud extending from d 
to D. 


MeHujl Violet gives a band the centre of which occupies the line D. 

Alkali Blue 6 B gives no hand, but extinguishes the red and yellow ; 
t>n acidifying with HCl a band is produced between E and D, and there 
is absorption of the violet and blue. 

§ 63. Broavn Coia)URs. — Bisinarek Brown (Vesuvine), 
is the hydrochloride of benzene-diazo-phcnylenediaraino. .It is soluble in 
water, and does not change by acidifying with hydrochloric acid. Hartley 
has investigated its spectrum. In a stratum 5 mm. thick, with a con- 
centration 0’09 ingriu, per c.c., it gives a band extending from A467 to 
X407. 



4 mgrms. per c.c., viewed in a stratum 8 mm. thick, gives an absorption 
band from A451 to A399. 

Caramel , — All shades of brown, from a rather delicate fawu colour up 
to black or nearly so, can he given by car^ftnel. Claramel is not a single 


* G, and H.^Krnss, JScit. f, aiwryan, L * 
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simple substance, but a mixture ol varimis oolourin^-matters derived from 
the dehydration of sugar. Caramel is soluble in water, and is precipitated 
by alcohol. 

Caramel, as it usually occurs, is almost all soluble in water, and gives 
precipitates with alcohol, ammoniacal lead acetate, and baryta water. It 
gives a spectrum without definite absorption-bands, but extinguishes the 
blue side of the 8])ectrum, like ferric chloride. Caramel may be 8usi)eeted 
in a brown liipiid not coloured by a mineral substance, which is not 
decolorised when sufficient tannin is added, for the colouring-matter of 
berries is j)rccipitated by tannin. Among the members of caramel, there 
are three principal substances — viz., caramelane, C,oU.jf^Oy, carameline, 
and caramelin. 

Cammelane makes up the chief bulk of ordinary caramel. It is brown, 
hard, and bTittle, bitter to tlie tsiste, without odour, deliquescent, and 
very soluble in water, sparingly soluble in weak alcoliol, insoliihle in ether. 
It does not precipitiite metallic salts in a(}ucous solutions, but reduces an 
alkaline solution of oxide of copper, and also the salts of gold and silver. 

Gamnieline may be separated from caramelane by first extracting the* 
latter by alcohol of 84 per cent., exhausting with cold water, and pre- 
cipitating with ahsohite alcohol. It is a brittle solid, of great tinctoriali 
power ; it is easily soluble in water, sparingly in alcohol, insoluble ini 
ether. 

Gnram^in is a mixture of three substances of different solubilities ; it 
is black, 3jp*iing, and infusible. Its solutions precipitate metallic salts, 
and roducir^j^d and silver solutions. 

§ 64.-^IJEME FOR THE DETECTION OF THE ANILINE AND OTHER 
(30L0URIN0 MATTERS » BY CHEMICAL REAGENTS. ^ 

The ttiiiliiie coloui-s admit, of a chemical cla.ssificatiou as follows 

I. Nitro-Colours . — The examiiles of which are picric acid, the dinitrocresols, 
bix)monitro-pheuol-p-su]phonic acia. 

II. Azojt^-Colimrs, such as the sodium salt of azoxystilbciie disul phonic acid, known 
in commerce as “ sun yellow.” 

III. Hydrazine Colours, such as “ tartraziiies.” 

IV. Aio-Qoloiir8.—T\nx& arc very nuniemus. The bivalent azo-group (~ N = N — ) 
is found in two classes of organic boiiios — in the dK»/.o and in the azo comjMmnds, In the 
diazo com])oun(ls the one valency is satisfied by a benzol residue, and the other by a 
halogen, hydroxyl, an inorganic acid, or an amido-group ; e.g. — 

C,H,-N =N-01. = N)3-S0j. 

Diazobenzol. Dfazobenzol sulphate. 

C«H„-N = N-NH(CeH5). 

Dlazoamidobenzol. 

C«H4-N = N — NO, 
i,H4-N = Tr-N0,. 

iWazodlpheayl-nltrate. 

Those diazo bodies possess no colounug properties, hut they are the more im{)ortaut 
sources of the azo bodies. 

1 The above classification is boiTowed from The Systematk Survey of ^ Organic 
Colourinq.MaUffrB, by Dr. G. Schultz and P. Julius, translated, with additions, by 
Arthur G. Green, F.I.C., F.C.S., London. 1894. On the interesting chromoi)hore theory 
of Witt, see Ber. der deutschm chevi. Cfes., ix., p. 622, and Uhciui^o'-^Mung, iv., 422. 
On the poisonous properties of t\fce tor Cidounng-mattorB, see Bte Threrfarom, m%i 
ftcwjMferer JiUeksicht auf SchOdlichkcU it. Oesetzgebung, hygienisch u. foreiisischHmiiceh 
untermcht, by Dr. Th. Weyl. Borll'i, 1889. • 
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The ttzo biidiea contain two benzol maiduesj^cjicli uf which is bound to a valency of 
the nitrogen atoms, thus— 

C„n5-N = N-CaTl6. 

Azobunzo], 

(JH, Oils 

(V.]lf-N -N-C^Uj. * 

A/i>tuluol (iirtho iiiul 

(yi,-N--N-rvi,. 

Azoiiaphtbalin- 

TsO. 

/ 

/ 

C,;II,-N - N -on, — CO -(HI,. 

N iti’oj >1iunyla?.( lacct* me 


The azo bodies }»o.ssesa colour, ))u1. are m-t dyes until an ac.id or basic^p-ouj) is intro- 
duced into the nndeeule ; azo-benzol, foi* (‘Xiiiiiplc, is a yellow snhstiince not capable of 
dyeing, but azo-benzol mono- or di-sul phonic acid possesses wcak-dyeing ]»ropertics. 
Similarly, if an liydroxyl or an amide group entei-s into the molecuh', the dyeing 
pro])prties arc much onlianced ; for exaniple, aiiiido-azo-benzol disiilphonic acid — 


Nil, (4) 


C^lfi-N 


HSO, 


N-C..il. 

\ 


HSO,, 


in the form of a sodium salt, is the chief eonstitueiit of ‘ acid yellow ’ ; tropaiolin Y is 
the sodium salt of oxy-azo- benzol sul phonic acid— 


Cyi4~N -N-(yri(OH) 

ilSOs. 


About half the number of tar eoluurs known belong to the azo-group, 

Kxamples of a/.o colours are : ~ 

Ykli,o>vs. — Acid yellow, Sudans — croceine — orange— butter yellow, 

Kkdh. — V arious Poiiceaux, Bordeaux, Koecelline. 

lb<A(’K.— Azonigrinc— najihthylamine Hack 1). 

PuKi'LEs AM) llUJKS. — Hessian jmrple, diamino violet, sulpbonc-azurine. 

V. Nitnm (^)lours . — All the colours in eoinmerco belonging to this group are green ; 
examples ai’e dinitroso-resorciu, naphthol gi-een. 

VI. Oxiil'ctone Cuhura, - Examples are alizarines— purpurinc. 

VII. Diphemjl-vvelhanc C'o/oimvs.— E xamjdes, aiiraminc, acridine rod, pyronines. 

VIII. Triphmyl-mcthanc CWoar^.— Examples, malachite greiui, victoria blue, magenta, 
acid magenta, methyl violet, co.sine, erythrosine, rose Bengal, phloxines, rhodainines, 

IX. ladoplu'Hcls. 

X. Oxfizines and T/tm3//ic.v. —Examples are Meldola’s blue (chloride of dimethyl- 
phony lararaoniuin-jS-uaphtlioxazine), methylene blue B and B G H (hydrochloride of 
tetramethyl thionine), thionino blue (hydrochloride of trimethy 1-ethyl -Ihiouine). 

XI. Azincs. — (rt) Eurliodines. —Example, neuti'al violet (hydrochloride of dimethyl- 
diamido-phenazine)- i.l>) Safraniues and induliues. — Examples, safraniuo, naphthalene 

. rod, mauve, induliiie. 

XII. Artificial Indigo. 

XIII. Qiiiiudim (7o/(n4y's. — Exain])les, quinoline red and quinoline yellow, aldehyde 
grce.n 

XIV. Acridine C/oZoitrs. —Examples, acridine yellow, acridine orange, phospliine 

XV. Thiobenxeuyl Gulonrs, — Examples, thiotlavine, primulino. 

To these must bo added a number of coloum like canarino and murexide, which either 
do not fall within the above divisions, or their constitution is iusutiiciently known. 

The group reagents used by Schultz and ,1ulius are — (1) a solution containing 10 jrer 
cent, taiiniii and lO jk*!* cent. tkKlic acetate ; (2) zinc dust and hydi-ochloric acid, or zinc 
dust and ammonia ; (3) 1 per cent, solution of chromic acid ; (4) 1 per cent, solution of 
chromic acid and 6 i)er cent, suljrhuric acid.* ^ 

* Systematic Suroey of the Organic Colowhig-Mattcrs, by Drs. G. Schultz and P. 
Julius. Ti-anslated by Arthur Green, F.I.C., F.C.S. Loudon, 1894. 
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Grow I.-COLOTTJS SO^JBLE IN WATER. 

A. pRECiPiTA'j'KiJ BY Tannin Soltitiok : Basic colours. Reduce aqueous solution by 
zinc dust and liydroohloric acid, and }mt a drop or two of tlie decolorised sohition 
on filtci* paper. If the colour does not quickly return on exposure U) air, the 8jK)t 
is touched with a drop of I per cent, chromic acid solution. 

( 1 .) The original qpl our quickly re^jipeai-s on ex|K>sure to air; azine, oxaziue, thiazine, 
and acridine colours. 


RED. -TOLU YLENE RED, SAFRANINE. PYRONINE, ACRIDINE RED. 

GRANDE AND YELLOW.-PHOSPHINE, BENZOFLUORINE, ACRIDINE 
YELLOW, ACRIDINE ORANGE. 

GREEN.-AZINE GREEN. 


BLUE.--METHYLENE BLUE, THIONINE BLUE, TOLUIDINE BLUE. 
MELDOLA'S BLUE. MUSCARINE, NEUTRAL BLUE, BASLE BLUE 
R and.B B, NEW METHYLENE BLUE G G, NILE BLUE, CAPRI 
BLUE, FAST BLACK, INDAZINE M, METAPHENYLENE BLUE B, 
PARAPHENYLENE BLUE, INDAMINES. 

VIOLET.-MAUVE, AMETHYST, NEUTRAL VIOLET, FAST NEUTRAL 
VIOLET, PRIME. PARAPHENYLENE VIOLET, INQAMINES. 

(2. ) The coh)ur reajipears veiy slowly, or not at all, on exposure to air, but returns on 
spotting with 1 per cent, chromic acid solution ; trijilionylmethano colours and 
basic phtlialeins. 

RED.— MAGENTA, ISORUBINE, RHODAMINE, ANISOLINE. 

GREEN.-MALACHITE GREEN, BRILLIANT GREEN, METHYL GREEN, 
IODINE GREEN. 


mUE, -VICTORIA BLUE B, VICTORIA BLUE 4 R, NIGHT BLUE. 

iTIOLET.-METHYL VIOLET, CRYSTAL VIOLET, HOFMANN’S VIOLET, 
BENZYL VIOLET, ETHYL PURPLE, REGINA PURPLE. 

( 3 .) Original colour docs not return at all. 

'yellow and BROWN.—AURAMINE (this colour, when a solution is reditcod, and 
a drop placed on filter ])aper and warmed over a flame until dry, gives a beautiful 
violet); THIOFLAVINt T (this colour is reduced with difliculty) CHRYSOI* 
DINE, BISMARCK BROWN. 


B. Not precipitated by Tannin Solution ; Acid coloure. The aqueous solution is reduced 
witli zinc dust and ammonia, or zinc dust and hydruciiloric acid, and a drop of 
the decolorised solution put on filter papi-r. If tlie coliuir does not quickly return 
on exiKisuro to air, the sjiot is touched with a drop of chromic acid solution (1 jhjt 
cent. Cr03+ 5 i>er cent. H.jSOj), warmed over a flame, and then held in the 
vapour of ammonia. 

(a. ) The solution is decolorised. 

(o.) The colour quickly roapjiears on exposure to air; SULPHONATED AZINES, 
OXAZINES, THIAZINES, etc., SOLUBLE INDULINES, SOLUBLE 
NIGROSINES, RESORCIN BLUE, AZURINE, THIOCARMINE, BASLE 
BLUE R S and B B S, GALLAMINE BLUE, GALLOCYANINE, GALL- 
ANILIC INDIGO P S, INDIGOCARMINE. SAFROSINE, AZOCAR- 
MINE, MIKADO ORANGE. 


{$,) The original colour does not reappear on exposure to air, or onW very slowly, but* 
returns with chromic acid and exposure to ammonia vapour. The aqueous solution 
of the dyestuff is acidified and shaken with ether. 

(a.) Ether extracts more or less completely the phtlialeins and auriue, such as 
URANINE, CHRYSOLlNt, EOSINE, ERYTHRINE, PHLOXINE, 
ERYTHROSINE, ROSE BENGAL, CYCLAMINE, AURINE, COR- 
ALLINE. (Of these, oosine, erythrinc, and phloxiue contain bromine ; erytti- 
rosine, rose bengal, and cyclamine contain iodine ; and the l)r(»miuo or iodine 
may be set free by the action of strong sulphuric acid.) 


(6.) Ether does not exiiact the l^ilphonated triphenyl -methane colimift— that is the 

following ;-ACID MAGENTA, ACID VIOLETS, FORMYL VIOLETS, 
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ALKALI BLUES. SOLUBLE^LUBS, ALPINE BLUE, PATENT BLUE, 
FAST GREEN-BLUISH, ACID GREENS, GUINEA GREENS, CHROME 
VIOLET. 

(k.) Tlin ori#»iiial oolour dons not apjK'ar at. all ; a/o, iiitn), iiitroso, and hydiazino colours. 
lleat<-d on platinum foil, nitro colours dellaffratc with 1,1 ic production of coloured 
vapours ; such nitro colours are — PICRIC ACID, VICTORIA YELLOW, 
AURANTIA, MARTIUS YELLOW, NAPHTHOL YELLOW S, 
BRILLIANT YELLOW. AUROTINE. 

On the oth(ir hand, azo, nitroso, and hj’dnwine colours Inirn quietly or dellagratc sli^ditly, 
jfiving olf at the saim* time (like the nitro colours) ccdoiired vajKUii'S. Small 
pieces of unmoi’danU'd cotton are soak^J in the solution, and the resulting coloured 
cotton suhmitted to the action of wanu .soa]>. The suhstaiitivc azo colours, such ' 

as ORIEL YELLOW, CLAYTON CLOTH RED. ALKALI BROWN, 
ATLAS RED, VIOLET BLACK, COTTON SCARLET, NAPHTHY- 
LENE RED, HESSIAN PURPLE, CONGO-YELLOW, CONGO-RED, 
BENZO-PURPURINE, resist the action of wann soap, but tihe ordinary azo 
cohnirs are strijiped by them. 

(a.) Colour not decolorised hy zinc and ammonia, hut changed to hrownish-red. Original 
colour re.turua quickly on exposure to air— ALIZARINE S, ALIZARINE BLUE 
S, CCERULINE S. 

(u ) Colour hy the action of zinc and ammonia slowly and iueompletely disappcai’s— 

CLAYTON YELLOW, THIAZOL YELLOW, TURMERINE, MIMOSA. 

(v.) Colour not altenid by zinc and ammoiiia ; very slowly or not at all bv zinc and 
hydrochloric acid-QU I NOLINE YELLOW, PRIMULINE, THIOFLAVINE, 
OXYPHENINE. 

Group 1 1. —DYESTUFFS INSOLUBLE IN WATER. 

The colouring-matter is treated with water, and a few drops of & per cent, caustic 
scnla solution. 

(1.) The colour dissolves. The alkaline solution is heated witli zinc dust and (Lmmonia, 
and a drop is put ou filter jw-jier. The colour fades or is changed to light brown. 

(a.) Original colour reappeam quickly on exposure to air— COER U LINE, GALLEINE, 
GALLOCYANINE, GALLANILIC VIOLET BS, GALLANILIC BLUE P, 
GALLOFLAVINE, ALIZARINE, BLUE, ALIZARINE BLACK, ALIZ- 
ARINE, CYANINE, ALIZARINE-CYANINE BLACK, RUFIGALLOL. 

(6.) Original colour does not reappear ou oxiswure to air — ALIZARINE, ANTHRA- 
PURPURINE, FLAVOPURPURINE, ALIZARINE ORANGE, ALIZ- 
ARINE BROWN, ALIZARINE BORDEAUX, ALIZARINE YELLOW G 
G & R, CHRYSANINE, SUDAN BROWN, PATENT FUSTIN, MYRTLE 
or RUSSIAN GREEN, GAMBINE R and Y DIOXINE. 

(2.) The colour remains iiisoluhlc. 

(A) Soluble ill 70 per cent, alcohol. 

(a.) Solution not fluoi-escent. Ou adding caustic soda (33 iief cent.) to the alcoholic 

solution-INDULINEOPAL. NIGROSINE OPAL, ROSANILINE BLUE 
OPAL, and DIPHENYLAMINE BLUE OPAL change to reddish-brown ; 
while INDOPHENOL, SUDAN II and III, and CARMINAPHTH are not 

altered 

'B.) Solution fluorescent. On adding caustic soda as above, Magdala red llaoi'escenoe is 
destroyed ; while the fluorescence of the sjilrit cosine and cyauosine is unaltered. 

(B) Insoluble in 70 [ler cent, alcohol. 

INDIGO, ANILINE BLACK, PRIMULINE BASE. 

§ 64a. Otto Witt and £. Weiugartuer classify aniline colours as 
folfows;— 

L Soluble iu water. ^ 

(a.) Basic colours. 

(6.) Acid colours. 
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11, Insoluble in water. 


To isolate the basic soluble colours, Llie actueous solution is alkaliscd by baryta, soda, or 
]>otash, and the colouriiig-inatter extracted by shaking out with acetic ether. The 
arid soluble colours are tested for, as follows : — ^To the aqueous solution is added 
an excess of calcijied uia|piesia, and then a solution of tne.rciiric acetate (20 per 
cent, strength), the whole boiled and filtered ; the fiUratei is either coloured or 
colourless, should the tiltrate bo colourless, if an acid aniline colour b(i present, 
acidification vith acetic acid will reproduce the colour. 

The aniline dyes insoluble in water ai-o dissolved either in soda solul.i«»n or in alcohol. 
The chief basic colours in presence of baryta water dissolvtJ in atsotic ether ; they 
are equally soluble in animoniacal aiuylic alcohol, which they for the most part 
colour ; but if not, the colonr is repi-oduced by adding to the amyl solution acetic 
acid. Tlu'y are also precijntable by tannin. 

These remarks a]*])ly to the following : — 

KEDCOLOUlh^.-FUCHSINE, TOLUYLENE RED, SAFRANINE. 

YELLOW AND ORANGE COLOURS.-PHOSPHINE, FLAVANILINE, AURA- 
MINE, CHRYSOIDINE, VESUVINE. 

GREENS. - VICTORIA GREEN, MALACHITE GREEN, METHYL GREEN, 
METHYLENE GREEN. 

HLUES.-METHYLENE BLUE, VICTORIA BLUE. 

VIOLETS.-METHYL VIOLET, HOFMANN’S VIOLET, MAUVEINE. 

Tlie acid aiiilijic colours are not jirecipiiatud by tannin; they are iusolublo or but 
slightly soluble in acetic ether in the presence of baiwta M'ater, and in any case 
. the. addition of acetic acid does not incmase the tint. They are also insoluble or 
but little soluble in amylic alcohol. The chief of these colours are ; — 

REDS. — Eusine, cosine scarlet, phloxine, Bengal rod, Biebiicli’s scarlet, (trocoino, Congo 
rod, oocciniiie, ponceau from xylidinc, ponceau K, 2R, 3R, rocscellinc (R solid), 
BoMeaux B, aidd fuchsine, coralline, aurine, bensso-purjnirino (B) 4B, delta- 
mftpurine 5 B, Congo corintli, Congo-corintli B, orythi-osine, ponceau S, purido 
N, licliotr)pe, roaazurine G and B, induline, nigrosine. 

YELLOW AND ORANGE.— Kluorescoinc, benzil lluoresoeiiie, ]{ficric acid,' Martins 
yellow, naphthol S yellow, aurantia, chrysarnino G and R (tliis colour is not very 
soluble in cold water), chrysojdieiiinc, tropajolino 0, tropauolino 0 0, methyl 
orange (tropiBoliiic D), orange I, oraiig(j II, orange III (ethyl orange), Poirier’s 
yellow, metaiiiline yeUow, luteoline, citroiiino, orange (D RP 3,229), ohrysoine, 
mandarine, tart.razine, alizarine S. 

VIOLETS. — Acid violet, nitro-violet, heliotrope, induline, and nigrosine. 

BLUE.— Alkaline blue, soluble blue, benzo-azurine G and R, nitro-blue, alizarine blue 
S, iudigO'Carmiue, soluble indulinos. 


GREENS. — Helvetia gi'eon. 

§ 64^. Stein’s method of procedure to detect colours generally is as 
follows ; — 

RED COLOURS. 


A. Hkat with Ammonium Sulphide. —A greenish or bluish colour, which, by ilie action - 

of baryta water, is changed into green — ALOES PURPLE. If the liquid 
bMomes purple, ARCHIL is also present. 

B. Boa with a Solution of Aluminium Sulphati^. 

a. The liquid is colom-ed red, with a beetle-green reflection— MADDER. (Confirm by 
siiectroscoiie.) 

h. The liquid becomes red, but there is no reflection. Add an equal volume of sodium 
sulphite. 

(1.) Jt 18 blenched, 

. Presence of BRAZIL-WOOD, SANTAL, MAGENTA, CORALLINE, SAF- 
RANIN. « 

0. Boil with Alcohol of $0 pie cent. 
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a. The^l^id colours distinctly. I^ bluisl^-red, MAGENTA; if yellowish-red, 

b. Liquid coloura very little, or not at all— BRAZIL-WOOD, CORALLINE, SAF- 

FLOWER. 

(1.) Heat witli lime waiter No colour— SAFFLOWER. Red colour— BRAZIL- 
WOOD, CORALLINE. 

(2.) Heat with dilute sulphuric acid. Orange colour — BRAZIL-WOOD. Yellow 
turtiing to grey on addition of copper chloride — CORALLINE. (Confinn by 
s|)Cctr‘>scope.) 

(2.) U is vol hhiu lml. 

COCHINEAL LAC-DYE, LAC-DYE, KERMES, ARCHIL. 

(a.) Boil with ahsohol ; liquid becomes red— ARCHIL. If it only faintly coloui-s, or at 
least if the colour is not decided, it may be COCHINEAL, LAC-DYE, 
KERMES. 

(A.) He.at with baryta water: no change— LAC-DYE ; the liquid "iieconies red— 

COCHINEAL. KERMES. 

(e.) Heat with lime water ; a red colour • KERMES ; a \ iolet colour— COCHINEAL. 
YKLLOWS. 

Heat with a dilute floliiti«)n of muitral ferric chlonde. 

A”. J?.— This test must be applied wdnui the colouring-matter is separated in a fairly 
pure state. 

A. Colour hut little altered- AN NATTO, TURMERIC, ANILINE YELLOW, 

PICRIC ACID, NAPHTHALINE YELLOW. Test with a drop of cun- 
oeiitrated sulphuric acid : a blue or grwm colour is ])roduced — AN NATTO. If 
the spot becomes at once, or after a lilllo time, more or less brown or rod, then 
add alcohol, with a few drops of hydrochloric acid and wnrio boric acid. 

{ii.) Liquid becomes of au intense pink colour, and oil diluting with water 4bere is a 
reddish -yellow colour -TURMERIC. 

(6.) Palo ])ink colour, on dilution with water, crimson — ANILINE YELLOW. 

(r.) There is no cliaiigo of colour on the addition of hydrochloric acid, etc. Heat with 
amniouiaeal copper solution, bluish f/reen ; conlirm the presence ot meric acid by 
the cyaiii(ic ot iM)tassiuni test, a blood-r(*d colour— PICRIC ACID; the colour 
becomes an olive groeu— NAPHTHALINE YELLOW. 

B. Varitms shades tif colour from green to almost black— MADDER YELLOW, 

FUSTIC, FUSTET, QUERCITRON, FLAVIN, BERRIES, WELD. Boil 
wdtb aluminium sulphaU’, with the addition of au (iqual volume of water; liquid 
becomes yellow, with a red reflection— MADDER YELLOW, with tin. Yellow 
with a bliiisb-green reflection— FUSTIC. Liquid yellow without reflection. 
He^vt with baryta w'ater, a rvA colour— FUSTET. The. colour is only darkened. 
Boil with glacial acetic acid. On cooling, if the liquid is yellow, or greenish-yellow 
— ENGLISH FLAVIN. If the solution is not at all, Or only faintly, coloured, 
boil with basic lead acetate. Thus, with regard to fabrio. 4 , if a tissue is dyed with 
WELD, the tissue will not ohaiigo colour ; if with QUERCITRON or BERRIES, 
the tissue will change to orange-brown ; but artichis of food will bo scarcely coloured 
with these substances, 

GREEN COLOURS. 

If the green colouring-matter is not soluble in wab*!-, it is probably chlorophyll 
unless indeed it is a mineral culoiiriiig sulielance. Chha’ophyll is Iwst recugnis^ by the 
spectroscopic charactci-s of its alcoholic solution (see p. 7«). If not chlorophyll nor a 
mineral substance, then 

A. Boil with a moderately conceiilraied solution of potassic cyanide. 

(a.) Colour changes into brown or yellow— ANILINE GREEN, GREEN, coutainiiiff 
INDIGO-SULPHURIC ACID (carmine green). * 

(6.) Does not cliangf*, or changes into a brow'uish- owyellowish-green— GREEN, contain- 
ing INDIGO with or without CARMINE GREEN. 



§ 646.] DETECTION OF COXODRING MATTERS. «7, 

B. In any of the foregoing cases add arl equal volume of water, and then a solution of 
aluniiniutn sulphate until an abinidaut precipitate is foi-med ; filter and wash. 
(Excess of the jirecipitant must be avoided.) 

(a.) Filtrate yellow or reddish —ANILINE GREEN. 

(h.) Filtrate blue— (1) precipitate colourless— CARMINE GREEN with PICRIC 
ACID; (2) juvcipitate yellow— CARMINE GREEN with a vegetable yellow. 
Dissolve the yellow jueoipiiate in water, add sulphuric acid, and filter: a gi'een 
fluorescence — FUSTIC; no fluorescence — WELD, TURMERIC. Test for 
turmeric in the orgiiial substance by boiling with alcohol, and adding boric and 
hydrochloric acids. 

,(«.) Filtmte colourless, precipitate yellow— INDIGO. 

(6.) Filtrate blue ; if the precipitate is colourless, PICRIC ACID may he present, and 
sliould be tested for ; if coloured, there is probably a veg(*table colour present. 

^ BLUE COLOURS. 

Dissolve out the colouring-matter with alcohol of 80 ])er cent., or treat the substance 
itself with alcohol, allowing it to remain in the liquid, and add a few drops of 
hydrochloric acid: a rod colour — LOGWOOD. Coutinn by adding to an 
alcoholic solution ammonia and then alum ; a blue or violet prcciiatatc should 
result. If the liquid does not dissolve any of the colour, it is most probably 
Prussian Blue, but it may also bo Indigo. If, on the oth(*r hand, although some 
of the colour is extracted, yet the substance still remains blue, it is jirobably 
ANILINE BLUE or INDIGO-SULPHURIC ACID. Add strong sulphuric 
acid, with INDIGO-SULPHURIC ACID, no change. The colour changes into 
a yellow or reddish-brown in jiresonco of ANILINE BLUE. On beating with 
sodium carboiiab’ again, INDIGO is not changed, but PRUSSIAN BLUE is 
changed into yellow or brown. 

VIOLET AND PURPLE COLOURS. 

Heat with ammonium sulphide. 

A. The tissue is bleached ; soluble ANILINE VIOLET, MAGENTA, with INDIGO 

CARMINE. Thes(‘ two may be distinguished by the action of boiling alcohol : 
SOLUBLE VIOLET remains violet, MAGENTA becomes red, the substance 
becomes brownish-red. 

Presence of MAUVE, or HOFMAN’S VIOLET. Those m^ be distinguished by 
the ad<litioii of hydrochloric acid, which colours HOr MANN’S VIOLET 
yellow, but MAUVE becomes purple. 

B. Tiiriis olive brown— ALKANET. (Omfirin by spectrum.) 

D. Hardly any change. Presence of ARCHIL, ARCHIL with INDIGO, LOG* 
WOOD, or MADDER. 

Boil with alcohol— 

a. The solution is nink, and changes to violet on the addition of ammonia ARCHIL; 
if the ARCHIL is accompanied with INDIGO, hot chloreform will colour blue. 

&. Solution in alcohol remains colourles-s. Heat with dilute hydrechloric acid : 
LOGWOOD is coloured red, and may be further identified by test already given ; 
if INDIGO is associated with it, hot chloroform will colour blue. With hydro- 
chloric acid, ma«lder, if it is coloured at all, becomes yellow. 

J. Formanek ^ has published an elaborate study of colouring-matters ; 
he divides the colouring-matters into green, blue, red and yellow, and 
subdivides these into groups, based on their solubility in wafer, alcohol, 
amyl alcohol, and their cheiuioal reactions wlien treated with ammonia, 
nitric acid, and alcoholic potash, and the absorption spectra in the different 
menstrua. The visible spectrum is alone studied, and the appearances are 
represented graphically by a fairly complete series of curves. 

The accomi)anying Tables will also be found useful in the identification 
of organic colours. ^ 

^ Spektralamlytiacher NheUweis kunatlicher orgatiiaeker Farbst»ffe. Berlin, 1900. 
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TABLE I. —Effect of Volatile 


NAME. I 

The Acid Watery Fluid 
is coloured 

The 

Petndeum Ether. | 

;ul()urJng Mfltter ilissulved 

t Benzine. 

Aniliiifi iTfl. j Reclilisli. 

N(ttliing. Only impurities. 

Aniline violet. Hut little colowed, 

for the fp-ftHtcr iKirt 
se,|)iirates. 

Nothing. Only impurities. 

Aniline new A' iol<!t from the solii- 

violet. i tion of a portion. 

Nothing. Only Iraces. 

Aniline blue 

(insoluble). 

All separated ; wato.r 
colourless. 

Nothing. . Traces which, on ex- 

posure to air, are 
' coloured, and give 
a blue residue. 

Aniline blue 

(soluble). 

Blue. Nothing. | 

As with tlic insoluble 
blue, but residue 
greenish-blue. 

Aniline yellow. 

Bright yellow. 

Is coloujod yellow ; j As with petroleum 
deposits yellow | ether, 
crystals spontane- 
ously and on 1 
evaporation. | m 

Picric acid. 

i 

Bright yellow. 

Is not coloured, but As with jietrolcuru 
leaves on evajiora- ether, 

tion a yellow 
residue. 

1 Styphnic acid. 

1 

Bright yellow. 

As with picrie acid, 1 As with petroleum 
but a sniullor por- j ether, 
lion is dissolved. 

Cbrysaminio 

acid. 

Yellow neutral, solu- 
tion red. 

Nothing. 

Is coloured yellow ; 
the separate ben- 
zine is red when 
shaken with caustic 
potash. 

Aniline orange. Bright yellow, with 
! greenish Hocks. 

i 

Only impurities. 

Is coloured yellow, 
and gives a 
brownish • yellow 
residue. 

Havaiina brown. 

Dark browui. 

Only impurities. 

Is coloured blue- 
yellow ; rasidue 
amorplious brown. 

Vesuvin, 

Brown. 

Only impurities. 

Is coloured yellow ; 
rasidue browu 

amorphous. 

Coralline. 

Yellow, but little 
dissolved. 

Only impurities. 

• 

Only impurities. 
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or BUBpondcd In Water acldilled with Bniphurie Acid is extracted by 

Ether. • 

Chloroform. 

Amyl alcohol. 

Traces which, when dis- 
solved, are colourless, 
but, on evaporation, red. 

As ether. 

Is coloured red ; extracts 
easily, gives a residue. 

Is coloured lilac, and 
leaves behind traces 
of a violet residue. 

But little colouuid ; gives 
but small residue. 

Extracts both dissolved and 
suspended, iscoloured violet, 
and gives a residue. 

As benzine. 

As benzine. 

As with aniline violet. 

Extracts cojriously ; is 
coloured strongly pale 
gold. 

As ether. 

As ether, but a largei* quantity 
dissolved. 

Only traces. 

Only traces. 

As with the insoluble. 

As with petroleum ether, only in greater quantity. 

• 

Is coloured yellow, and 
gives a yellow residue. 

As with i)ctroleum ether. 

As with etiq*i, only in greater 
quantity. 

: As with petroleum ether. 

? 

Is dissolved easier than picric 
acid, the solution yellow. 

» 

As \rith benzine. 

As with benzine, only easier 
soluble. 

As benzine, but easier ' As benzine, 
soluble. j 

1 

Dissolves easil V ; solution 
greenish - yellow, residue 
brownish. 

Extracts very little. 1 Extracts very little. 

i 

Dissolves easily ; solution deep 
red-brown, residue brown 
amorphous. 

Takes less u]) than ben- 
zine. 

Takes less up than ben- 
zine. 

Dissolves easily ; solution deep 
red-brown, residue amor- 
phous. 

Dissolves much ; residue 
orange. 

Solution yellow to deep 
^ broWn. 

As etlier and chloroform. 


T 
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* TAIitE II.— Effeot op Volatile Solvents 


Name. 

llie Anuiioniacal Solution 
is coloured 

Thu Colouring 

Petroleum Ether, 

• Benzine. 


Aniline red. 

Almost colourless. 

Becomes fluorescent, 
but only dissolves 
a tince, ])robably 
impurities. 

Is coloured yellow, 
sti'oiigly fluor- 

BHt!ent ; residue red. 

Aniline violet. 

Almost oolourleSs. 

As with aniline red. 

As wk-h aniline red, 
only the msidue is 
violet. 

Aniline new 
violet. 

Almost colourless. 

Nothing. 

.. .. 

Nothing. 



Aniline blue 
(insoluble). 

Discoloured. 

Is coloured red- 
brown ; residue 
bluisli. 

As with petroleum 
ether. 

Aniline blue 
(soluble). 

Reddish. 

Nothing. 

Only a little ex- 
tracted. 

Aniline yellow. 

Dark brown. 

At first yellow, but 

1 again seiiarating, 

Extracts traces. 



and becoming 

' colourless. 



i miline orange. 

Brown. 

Nothing. 1 

Extracts traces. 

] lavsnuB brown. 

Clear brown and dis- 
coloured. 

Is fluorescent in the 
green ; - residue 

OTOwnliA. 

As with petroleum 
ether. 

' ^esuviii. 

Clear brown. 

Is coloured yellow ; 
residue brown. 

Is ocloliTed orange; 
residue brown. 

Coniine. 

Splendid purple 
colour. 

Only impurities. j 

t 

Only impurities. 
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Acting on an Alkaline Solutio 


Matter dissolved in Ammonincal Water, and extrantod by 


Kther. ^ 

Chloroform. 

Amyl alcohol. 

Ih coloured bluish ; the res 

idue as with henzino. 

Is coloured deep red ; the resi- 
due blue-red. 

Is coloured yiiisli ; the 
residue vi(dot. 

Is colouml a violet- ! Is coloured a deep violet-red ; 
blue ; residue likewise | residue violet, 
violet. j 

Only truces. 


Tiess than from acid ; the resi- 
due the same as from acid. 

As with petroleum ether. 

More is dissolved, but other- 
wise as petroleum ether. 

Only a Httlo extracted. 

Is coloured yellow, and gives 
a blue residue. 

Is coloured yellow, but 
little is extracted. 

As with benzine. 

Takes up less than out of acid ; 
is coloured yellow, residue 
yellow. 

Is coloured yellow, and 
leaves a small yellow 
residue. 

As with benzine. 

Extracts less than from an 
acid solution. 

1 

Extracts less than with benzine. 

Becomes deep brown, with a 
CTcen flnorescenoe ; residue 
brown. 

Is coloured yellow ; residue less, but as with benzine. 

Is coloured deep brown ; resi- 
due brown. 

Is coloured iaIo yellow; 
residue red-brown, is 
coloured purple by 
NH3. 

Extracts less than out of 
' an acid fluid. 

• 

Is coloured raspberry-red ; re- 
sidue as from ether. 


• * 


















THE MINERAL MATTERS OR ‘ASH’ OF FOOD. 

ANALYSIS OF THE ASH OK ORGANIC SHBSTANCE8. 


§ 65. As a gegieral rule, testing the ash for abnormal metals and alkalijji 
earths is necessary, and more especially if the ash present any unusua 
character, whether in weight, colour, or solubility. Leaving for th 
present the specml tests, the number and imturo of the constituents whicl 
require to be determined for the purpose of the food-analyst varj 
‘according to the particular substance under examination, e.g. — 

In all substances, the percentage. 

In such 6 aids as milk, the alhUine phosphaies and tJie chlorides, 

Tn seeds, mich as wheat, cocoa, etc., the total phosphoric acid. 

In bocr-ash, the amount of common salt. 

In bread-ash, the presence or absence of alumina^ magnesia^ and 
proportion of silica to alumina. 

In tea-ash, the alkaHnitu^ the irm^ the silica^ and proportion of soluble i 
to insoluble ash, ' 

In coffee-ash, likewise the proportion of soluble to insoluble ash, but 
the presence or absence of silica becomes also of importance. 

From these illustrations (which might be multiplied) it follows that, 
for the purposes of the food-analyst, the general constitution of the ash 
will be sufficiently known when the following determinations have been 
made : — 

(1.) The total percentage of ash. 

(2.) The total percentage of ash soluble in water, 

(3.) The total percentage of ash soluble in acid 
(4.) The alkalinity of the ash. 

(5.) The percentage of chlorine. 

( 6 .) The percentage of phosphoric acid. 

( 1 .) The Total Pei'centage of Ash. — Of the various methods of estimating 
an ash, the simplest and most practical appears to be— to place a sufficient 
quantity of the substance to be burnt in a capacious platinum or porcelain'’ 
dish, and to consume at the lowest possible temperature in a muffle or by , 
heating with a ring burner.^ The quantity to be taken is regulated by ■ 
the anjount of ash in the substances. For example, flour, containing only 
'7 per cent, of ash, would give with 50 grms. *35 ash, which is al^ut as 
small a quantity as it is possible to work with conveniently, whilst in the 
case of coffee, tea, and cocoa, from 5 to 20 grms. is for most purposes 
ample. 

(2.) The Soluble Ash. — The ash is boiled up two or three times with 
water in the same platinum dish ; filtered, and the filtrate evaporated to 
dryness, heated to dull redness, and weighed. 

(3./ The Ash Soluble in Acid, — ^The portion of ash insoluble in water - 
is boil^ up with HCl, and filtered from the sand ; the latter is washed, " 
dried, and weighed. . / y 

^ If the suluBuric acid in the uh is not to be determined, a wide glM tube (such as : 
the ohinmey of a common paraffin lamp) adjusted over the dish, by its j>oweifal up“^ - 
draught greatly expedites the operation ; hut If the sifiphurie acid is to be determinea,'^ 
the impure gas of eommeroe renders the results too high. It is^ however, of course open ^4 
. to the analyst to make the gas pass through a proper absorption>api>arataB, or to nee ^ 
, a ftiel, alcohol * • • . * 



Al1c<MnUy bf the solution in water Jfroin (2) it 

NnSpUTed with cochineal, and titrated with d. n. acid: the result may bt 
^p^lly expressed as potash. 

(5.) The P&reentage of Chlorine , — The determination of chlorine in 
^he ash usually gives results too low, especially if the substance burnt is 
^pne, like bread, of difticult combustion, or containing s^ibstances a'hich 
decompose chlorides at a red heat. Notwithstanding this defect, in a series 
^ ashes burnt under similar circumstances, the amount of chlorine found 
gives fair comparative results. Should there be any special necessity for 

accurate determination of chlorine, no volatilisation will occur in the 
^combustion of most articles of food, if they are simply well carbonised and * 
ijiot burnt to a complete ash, and if the charcoal be finely powdered and 
extracted with plenty of boiling water. The chlorine may be determined 
gravimetrically by nitrate of silver, or more conveniently Ijy a standard 
solution of nitrate of silver. Using as an indicator neutral chromate of 
^potash. Should alkaline phosphates be present, they must be first removed 
oy baryta water.^ 

(6.) The Phosphoric Acid , — The usual method of determining phos- 
phoric acid is to dissolve the ash in hydrochloric acid, evaporate to dryness, 
remove the silica, mix the acid filtrate with ammonia in excess, rodisstilve 
the precipitated earthy phosphates by acetic acid, filter off and estimate 
the insoluble phosphate of iron (and alumina, if present), precipitate the 
lime with oxalate of ammonia, and then in the fluid (free from lime and 
iron) precipitate the phosphoric acid, by the addition of ammonia and 
magnesia mixture. 


§ 66. General Metlwd of Determining all the CondituenU of an Ash . — 
The best method of determining all the condituents of an ordinary ash is 
perhaps as follows : — A sufficient quantity of the ash (from 6 to it) grms.) 

■ » placed in a flask, about 25 o.c. of water added, and saturated with COg ; 
%o liquid is now evaporated to dryness, heated with a small quantity of 
water to dissolve the alkaline salts — ^the solution is filtered through a 
Amall weighed filter, the filtrate evaporated to dryness, the saline residue 
Nxeated witli a small quantity of water, and the calcituu sulphate which 
^S^rates out filtered through a weighed filter, and ratimatod ; the filtrate 
^^Ifom this is put in a tared flask, made up to any convenient weighty and 
^divided into five portions by weighty viz.: — 

(1.) For GOjj. — This is most accurately determined by the \m of the 
, loUowing little apparatus : — The solution is placed in a flask ^ and su^ient 
^aoid is put into the short test-tube T, to more than neutralise the carbonate. 

stout glass rod is passed through ^e doubly perforalled caoutchouc cork, 
;%n4 supports the little tube in position, ^e carbonate solution is.now ! 
^I^ed until steam hisses, out of , the tube G (which it is convenient to 
with a Bunsen’s valve ^). G is then placed under the mouth of a' 
l^raduated measnring tube filled with mercury, and it is once seen 
her all the air is expelled. The flame is withdrawn for a second, 
d the glass rod, which moves quite air-tight, is pulled a little up, so as to 
the acid tube to fall down and empty its eontents into the alkaline 






, with a ttuip twiM, hy^ ' 

blow, out a loBgitudiiial slit ; if wall laade, it allows air to go om way with Qw' 
butoffeetusHy pivv«at8|iati^ 


fidii l%e dame is again placodi^ndei^the daak, and the COgBoilipljlS 
into the measuring apparatus, and measured in the ordinary way. 
who are not provided with gas apparatus will find it convenient to ja6^|| 
their eudiometer with a tube open at both ends. The lower end is olb^^ 
by the mercury in the bath ; the upper 
is placed under a water-tap, and a 
syphon is adjusted so as to prevent 
overflow. In this way the gas is 
rapidly cooled, and the whole deter- 
mination, from first to last, need not 
* take more than a quarter of an hour.^ 

Instead of boiling the solution in this 
way, those who possess the mercury 
pump describpd and figured at jmge 53 
(fig. 6), will find it more convenient to 
make the flask vacuous, then upset the 
acid, and collect the gases expelled. 

(2.) For the sulphuric acid, deter- Fio. 19. 

mined by chloride of barium. 

(3.) For the phosphoric acid, determined as magnesian pyrophosphate. ^ 

(4.) For the chlorine, by precipitation as silver chloride. 

(5.) For the alkalies, by boiling in a platinum dish with slight excess of 
baryta water, filtering, getting rid of the excess of Iwiryta by ammonia and ‘ 
ammonium carbonate, evaporating the filtrate to dryness, converting the 
alkalies into chlorides, and determining their relative proportion from their ! 
total weight and their content in chlorine. This completes the analysis of 
the portion of the ash. 

. The insoluble will contain lime, magnesia, ferric oxide, alumina if present, 
silica, phos]»horic, sulphuric, and carbonic acids. * ^ 

The main portion of the insoluble ash is dissolved in nitric acid, fre^ ■ 
from silica in the usual way, evaporated again to dryness in a porcelain ; 
basin, dilute nitric acid added until the bases arc completely dissolved, and 
strong fuming nitric acid added, until the solution begins to be turbid from ’ 
the separation of calcic nitrate. The turbidity is now destroyed by a few 
drops of dilute nitric acid, the solution warmed, and tinfoil added in snuill-^ 
rtions at a time, in weight about equal to the amount of ash taken^j 
hen the tin is fully oxidie^, the solution is evaporated nearly to dryness,? 
water is added, and the solution filtered; the phosphoric acid is retained ( 
in the precipitate — the bases are all in the filtrate. The precipitate u; 
dissolved in strong potash solution, acidified with sulphuric acid, and freed' 
from tin by hydrio sulphide, concentrated to a small bulk, filtered if any: 
further sulphide of tin separates, and the phosphoric acid determined by-, 
magnesia mixture and ammonia.^ 

The filtrate from the tin phosphate must bo freed from lead (if thtfj 



} Much ingenuity has been expended on the estimation of oarbon dioxide, and 
old laetnod eatimating in light ^ass apparatus, by the loss of weight, is quite forsake^ 
.The method given in me former edition of this work was to absorb the CO,, in a 
eolation of ammonia^ oalcinm chloride, collect the prodpitated calcium oarMMte, 
titate it with d. n. add, using as an indicator ooonineal. Another method which ha^ 
been proposed, is to mahe.,a combustion of the substance with potaisio biohromate, aaC 
abeorb the COL in the usnal way in potash bullis. A third, is to let the acid drop 
t aipaiatinglannel on to the oarbonates, and absorb the CC^ as in the last, an a^nlntSfe 
^ and dmng tabea being used, {Jnmalm dsr Chmie, clxxvi., 188-144.) 


old lAetnod of eatin 
.The method given 
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tin originally contained lead) bychydrii sulphide, concentrated, the iron 
and alumina separated and determined by ammonia, the manganese 
separated as biiioxido by bromine-water, the lime by oxalate of ammonia 
as oxalate, and the magiKJsia determined in the usual way as pyro- 
phosphate. 

A weighed portion of the insoluble ash must also be taken for the 
carbon dioxide, sulphuric acid, and sand. Tlio carbon dioxide is determined 
in the manner already described. 

The process just given is not quite accurate with regard to the estimation 
of the alkalies ; for Bunge ^ has shown that since the alkalies form insoluble , 
compounds with the alkaline earths, a watery extract of the ash gives low 
results. For example, Bunge incinerated 300 c.c. of cow’s milk ; from a 
watery extract of the ash he obtained 

K,0 *5436, Na,0 *0700 ; 

while from a subseriucnt nitric acid extract of the same ash, 

K^O -0937, Na/) 0*1102. 

If chlorides of the alkalies be heated with tribasic phosphate of 
lime, the soda is specially likely to combine with the lime in insoluble 
combination — in far less proportion the pottish. 

Bunge recommends the following method : —The watery extract is 
decomposed with baryta water until a film forms on the surface of the 
solution, the mixture is warmed and filtered hot. The excess of baryta 
is got rid of by COg, subsequent warming, and filtration j the filtrate is 
evaporated in a platinum dish, the residue gently ignited, dissolved in a 
little water, filtered through a small filter, and evaporated with IICl in a 
small platinum dish. The chlorides are then ignited, weighed, and 
separated by platinum chloride. 

The hydrochloric or nitric solution of the insoluble portion of the ash is 
evaporated to dryness in a platinum dish, the residue again dissolved in a 
little of the acid and water, treated like the former with baryta water, and 
■ filtered hot. Ammonia and carbonate of ammonia are now added, the 
liquid filtered, and the filtrate evaporated in a platinum dish, and ignited 
at the lowest possible temperature. The residue still containing a trace of 
alkaline earth, is extracted with water, evaporated with oxalic acid, ignited 
again, taken up with water, filtered, evaporated in a small platinum dish, 
ignited again, dissolved in a little water, and lastly, evaporated with HGl, 
and the alkaline salts separated by bichloride of platinum. 

Since a determination of the ash only gives those mineral substances 
which are fixed in the fire, and destroys nitrates, and changes oxalates, 
citrates, and tartrates into carbonates, while other constituents, under the 
influence of heat, undergo a new arrangement, it becomes a question 
whether the ingenious method recommended by E. Laugier^ iq . the analysis 
of sugar, W'ould not be applicable in several cases. 

M. Laugier takes two portions of sugar, one for the ash, the other for 
the organic acids, the latter being exactly double the quantity of the 
iormer. To the larger quantity of the sample, dilute sulphuric acid is 
, added drop by drop to set free the organic acids ; the acidified sugar is 
' tnUod with pumice stone and exhausted with ether; half of the ethereal 

1 Liebig's Anivalsn der Cheniie u. PharmaoU April 16, 1874. 

* Cwnfi, rend.t Ixxxvil, 1988-1090. 



solution is added to the ash oTShmedi from the smaller portion, and 
evaporated down ui)on it and weighed. By this means M. Langier thinkfi 
that he reconstructs the original salts in the sugar. This, however, 
cannot be entirely true. The other half of the ether solution is titrated 
with an alkali. 


METHODS OF ESTIMATING NITROGEN AND NITliOGENOUS 
SUBSTANCES IN FOODS. 

§ 66a. A complete analysis of foods, especially with the view of ascer- 
taining their dietetic value, necessitates the following determinations ; — 

• 1. Total nitrogen. 

% Nitrogen as albumen. 

8. Nitrogen as acid-amines. 

4. Nitrogen as auiido acids. 

5. Nitrogen as nitrates and nitrites. 

Total Nitrogen . — ITie method of burning organic substances with 
copper oxide and copper, so as to obtain all the nitrogen as a gas, and 
also the other well-known method, by which the substance is mixed with 
soda lime and burned, so as to decompose the nitrogenous substancefi 
into ammonia, are both too well known to be farther described. At the 
present time, nitrogen is most frequently determined by Kjeldahl'e 
process, as modified by Gunning, Arnold, and others. From 0*5 grm. to 
2 grms. (according to richness hi nitrogen), of the substance is introduced 
into a flhsk of hai5 Jena glass, and treated with 20 c.c. of strong sulphuric 
acid, at the same time adding a small globule of mercury; the flask is 
closed by a balloon stopper, and heated over a gas flam^ very gradually 
after frothing has ceased, the heat is increased to brisk boiling, and aftei 
a short time 10 grms. of potassium bisulphate are added. On again boiling, 
the liquid gradually becomes clear and colourless. The contents of the 
flask are cooled, washed into a spacious distilling flask, provided with a 
doubly perforated cork, through the one hole of which passes a ihistlc 
funnel provided with stopcock, while the other carries a tube connected 
with a condensing apparatus; through the funnel is poured a sufficient 
quantity of a solution of sodium tiydrate (containing a little sodium sul- 
phide), to more than neutralise the acid. To prevent bumping, a little 
zinc foil should be added. The ammonia is now distilled over into a 
known quantity of d. n. sulphuric acid, the loss of acidity being flnall} 
determined in the usual way and expressed as nitrogen. To avoid the 
error from the soda solution being carried over. Dr. Bernard Dyer uses, ai 
a communication between the distilling and the receiving flask, a blocli 
tin tube bent in the form of an arch ; this rises to a height of 18 inchet 
befoio turning over; the other end of the tube is united by a cork to fl 
pear-shaped adaptor having a large expansion, which dips into an Erien 
meyer flask containing the acid. If nitrates are present, the sulphuHt 
acid used for oxidation is charged with about 2 per cent, of salicylic acid 
While the contents of the flask are still cold, some zinc dust (1-2 grms;), 
as well as the globule of mercury before mentioned, is added, and thi 
zinc is allowed to dissolve before heating.^ 

I rt’er, Jmm. (Jhm. 8oe. 7ran«. ,^1896, 811. 
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^sidoB the above, there other modifications, c-f/., Arnold and 
Wodemoyer * oxidise 0*5 grm. of the substance by means of 30-60 grms. 
• aulphuric acid, 15-30 grms. potassium sulphate, 1 grm. mercuric oxide, and 
1 grm. c()pi>er sulphate. With small quantities of ammonia the iodometrio 
titration described in tlio chapter on ‘Water,* has some advantages. 

Edimaiion of the Nitrotjen from Albumen. — ^The method of Stutzer is 
probably the best. From 1 to 2 grms. of the finely divided substance are 
boiled for a few minutes with 100 c.c. of water, or, if the substance con- 
tains much starch, it is simply digested on the water bath for from ten 
to fifteen minutes, then from 0*3 to 0*4 grm. of moist hydrate of copper 
is added, and, after cooling, the liquid is filtered through Swedish filter 
paper, the filter washed with water, and the residue with the filter 
submitted to Kjcldahl’s process. The ammonia thus obtained is considered 
to be dei'ivcd from albumen only, and the difference betv^een the total 
nitrogen and that from 8tutzer’s process gives non-albuminoid nitrogen, 
which is suflicient for most purposes. Should the substance contain 
difficultly soluble alkaloids, it is first treated with absolute alcohol, acidified 
with acetic acid and heated to boiling, the alcohol decanted off as far as 
possible, and the residue washed with a little warm alcohol; then the 
substance is treated as before with water and copper hydrate. 

Edimation of Non-AUnmmoid Nitrogen. — 10 grms. of the substance 
are boiled with about 300 c.c. of weak alcohol (40 per cent.), acidified with 
a few drops of acetic acid, the flask being connected with an upright 
condenser. The lioiling should continue for about one and a half to two 
hours ; the licpiid is then cooled, filtered, and made up to a definite bulk, 
of which ali(piot parts are taken for the following determinations : — 

1. Kdimatvm of Ammonia. of the fluid extract is^ovapor- 
ated down to 60 c,c., cooled, some recently calcined magnesia added, placed 
in a small flask attached to a tube l(X)sely packed with glass wool, 
moistened with 10 o.c, of normal hydrochloric acid, and the air evacuated 
by a mercury or a good water pump, and after a vacuum has been 
obtained, a clip is put on the india-rubber tube connecting the 
apparatus with the pump, and the apparatus put on one side for three 
days. By the end of that time it is to be presumed that any ammonia in 
the apparatus will have evaporated and have been condensed in the glass 
wool moistened with hydrochloric acid; the glass wool tube is now 
disconnected, and the wool washed with a little distilled water, the acid 
water is evaporated to dryness on the water bath, and the ammonium 
chloride determined by the well-knowm method of precipitation with 
'platinum chloride. 

2. Edimation of AmvIo-a^M Amide Another third of the 

extract is boiled with dilute hydrochlorio acid (7 to 8 o.o. of strong acid 
.added to every 100 o.o, of liquid extract) for from one and a half to two 
[hours. At the end of that time the liquid is cooled and treated with 
'hypobromide of soda in a nitrometer, and the r^ulting gas measured. 

V . . The difference between the nitrogai found by the first process and 
^t by the second process equals the nitrogen as amido-acid amide. 

^ 3. Estimation of Amido-odiid Nitrogen, — Another portion of the liquid 

^l^tTact is also boil^ with hydrochloric acid, and then cooled and subjected 
a suitable apparatus to the action of so^ nitrite. The resulting gas 
^ submitted in a Hen^Vs burette to strong alkaline permanganate, which 

- 1 Arnold and Wedemeyer, Zdt. ami, Chem,^ atxxl, 626. Sec also Henri E. Gaussa 
V. PAom., 18&6C61, L, 648. 




absotlw both NO and CO,,, and l»vos, iS the operation 
finnducted onlv nitrogen : the gas is measured m the usual way. 

Since nitrite evolves nitrogen from both aniido-aoid amides and a( 
amStheXogen 2 must be subtracted from the nitrogen evoh 


in 3. 

By 


the following are estimated 


2 Nitro^iT'of amido-acid amidp« from difference ^os. 1 und 2. 

3. The ni^gen from amido-acids from the difference between Nos. 2 and 3. 




PART III. 


CARBO-HYDRATES. 




PART 11I.-CARB0-HYDRATE8. 


STARCHY AND SACCHARINE SUBSTANCES. 

§ 67. The carbo hydrates are divided into three great groups, vis., th 
of grape sugar, that of the saccharoses, and that of cellnloso. They most 
contain 6, or a multiple of 6, atoms of carbon; and hydro^n and ojyg 
in the proportion of 2 : 1 — that is, iu the same proportion as the oc 
stituents of water. Recently, however, sugars have been synthetical 
formed containing 3, 4, 6, 7, 8, and 9 carbon atoms. 

I. The Grape Sugar Group. 

To this group belong sugars containing 3, 4, 6, 6, 7, 8, and 9 carb 
atoms, inown under the names of trioses, tetrosos, pentoses, hexos 
octoses, and nonoses. These possess the following general projwrties 

1. They are all easily oxidisable, and reduce Fehling’s^solution. 

2. Most of the glucoses under the action of dilute mineral acids fo: 
levulinic acid and humus substances. 

3. Warming with acetic acid and phenyl-hydrazine they all form m( 
or less difficultly soluble and crystalline ^osazones.' 

The foiTOation of osazonos takes place in two stages ; first, one moleci 
of the sugar unites by means of its aldehyde or ketone group with c 
molecule of phenyl-hydrazine to form the easily soluble hydrazone, thus ; 

Sugar. Phenyl-hydraalne. 

OH,iOH[CH(OH)],CH(OH)COH + . NH(0,H,) 

Hydrazone. 

=CHaOH[ClI(OH)} 30 H(OH)OH 

N-NH(CeHB) -H H.p 

with separation of one molecule of water. Then, in presence of an exc 
of phenyl-hydrazine, another molecule of phenyl-hydrazine unites with 1 
hydrazone with separation of a molecule of water and a molecule 
hydrogen, thus 

CH3(OH)[CH(^iOH(OH)OH + CeH,NH— NHa 
N-NHCCflH,) 

Olncouzone. „ ^ 

- CH,(OHXCn(OH)iO--CH + U, + 11*0 
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The osazones arc distinguished tfrom each other by their differences t)f 
salubility and their melting point; glucosazono melts at 145“ C., lactosazoue 
at 200“ C., galaotosazone at 193* C., maltosazoiio at 206“ C., arabinosazone 
at 160“ C., and sorbinazone at 164* C.^ 

4. The glucoses all form additive compounds with hydric cyanide, the 
cyanide thus formed being converted, by the action of hj^drolising agents, 
into acids, which acids on reduction yield aldehydes ; these are true sugars. 

5. Several, not all, of the glucoses are capable of fermentation. 

An example of a triuse is glyccroso, CgH^Og ; of a textrose is erythrose, 
0411 ^ 04 ; of a pentose is arabinose, the bexoses are glucose,, 

mannose, fructose, and galactose. 

IT. The Cane Sugar Group. 

To this group belong sugars of the formula — eig., cane sugar, 

milk sugar, maltose, and sugars of the formula Ci 8 H 82 ^^o (raffmose). 

III. The Carho-hydraies. 

To this group belong the so-called polysaccharides, cellulose, starch, 
glycogen, gummy matters, and dextrin. 

Cane Sugar^ occurs in a very large number of plants, but is 

only manufactured from beet-root, the sugar-cane, sorghum, and the sugar- 
maple. Its specific rotatory power is -f 66 5 [a]/,. It crystallises from 
i!# solutions in water or dilute alcohol in anhydrous crystals, the specific 
gravity of which is 1*606. It is soluble in one-third of its weight of cold 
water, and is very soluble in hot; in absolute alcohol it is insoluble, the 
solubility rising in proportion to the 'weakness of the alcohol. Thus, 
according to Scheiblcr, the numbers in Table TV. are the perceittages of 
sugar dissolved, and the specific gravity of the solution at the common 
temperature of 14“ C. 

TAllLK IV,— Solubility of Suoab in Alcohol of Diffeuent Stbengthb. 

Por cent, alcohol. 100 c.c, of the solutton contain ^uratS^rohitlon.*^* 
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' Also by the manner of their formation ; gluoosazone separate suddenly after 
< four to five minutes’ heating ; lactose and maltose wow no osazone while hot ; ^dacto- 
, sazone separates in fifteen to nin^n minutes. 
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When solutions of sugar are bojeci Vi*h dilute mineral acids, tlio sugar ' 

is split up into two glucoses : the one rotating to the right, hcnre named 
dextrose, the other rotating the plane of polarised light, to the left — 
levulose.^ Long boiling with water has, to a slight degree, the same effect, 
and it is also shown in the action of ferments, when exposed to light. An 
uncorked solutioH of sugar (or one imperfectly sealed) will in a few days, 
according to the temperature, show some degree of inversion. But a 
boiled solution of sugar, which, while actually boiling, has been hermeti- 
cally sealed, will keep unchanged for years. Citric acid in a 2 per cent, 
solution readily inverts cane sugar ; it does not act on milk sugar, a fact 
“utilised in the detection and determination of mixtures of these sugars.'^ 

Carbon dioxide, especially under pressure, inverts sugar.® Pure cane 
sugar, if free from glucose, undergoes no change of colour when boiled 
with the alkalies ; if, however, glucose be present, there is a very decided 
change. 

fciugar forms a few well estfiblished compounds with bases, and many 
with salts. The most definite of the sugar compounds combined with 
bases are those which it forms with baryta and lime. If a solution of 
sugar be boiled down with sulphide of barium or baryta, a sandy precipitate 
forms, having the composition C^glT^g^nBaO ; and on decomposition of 
this with OOjj, pure sugar is obtained. A commercial process based upon 
this reaction is in use in order to recover the sugar froui molasses, and it 
may be employed in certain cases in the laboratory with advanbige. 

There is a monobasic lime sucrate (CigTI^j^O^iCaO) corresponding to the 
barium compound, and a tribasic sucrate of lime (Ci2n220ii3Ca0). Crys- 
talline compounds are also easily obtained with certain sodium salts; 
thus, thgre is a chloride of sodium oomj)Ound 

am^ther having the formula 2Ci2H220n3NaC1.4H20. An iodide of sodium 
compound may be obtained in large crystals having the h^jlowing composi- 
tion: 2Ci2H220i,3NaI.H.20. 

Sugar heated to IfiO"* melts to a colourless liquid; on cooling, the 
melted mass is at first clear and transparent, but in a little time it becomes 
crystalline and opaque. At about 170’ to 180’ it loses water, and is said 
to be transformed into dextrose and levulosan ; as the heat is increased, water 
is continually being lost, and more or less brown products are formed (see 
‘Caramel,’ p- 80). If sugar is fused with zinc chloride, a liquid is obtained 
which yields, on distillation, aldehyde, acetone, motacotone, formic acid, 
acetic acid, furfurol, and apparently mesityl oxide ; carbon dioxide, carbon ' 
oxide, and hydrocarbons are also formed ; and tncre is also a sublimation 
of crystals of hexamethylbenzene, Cg(CH 3 )g. (Lippinann.) 

Bromine, according to E. Reiohardt, transforms one-third of cane sugar 
into gluconic acid, ono-third into glucose, and the remainder into gum. 

§ 68. Adulteft'aiiom of Sugar. — Loaf sugar is, as a rule, chemically pure. 
It is probably, indeed, the purest food-substance in commerce, and a large 
quantity may be burnt up without obtaining a trace of nitrogen, and with- 
out leaving any residue. The only sugars that may be impure are the 
raw ’ sugars. 

* To this mixture of dextrose and levulose, the term Hnnrt su^r* is applied, 
because the polarisation is the opposite of that of oaUe sugar ; for, although gmeose 
rotates to the right and levulose to the left, yet the latter is so much more active that 
the solution polarises to the left 

* Stokes and Bodmer, x., 62 - 65 . 

* V. Idppmann, Ding. litly. J., ccxxxvij., I46-I684 
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The adulterations of sugar uiually ^numerated are: Glucose or starch 
sugar, sugar of milk, dextrin, chalk, plaster, sand, and various species of 
‘flour ; few of these have been found of late years. A new iidulteration is 
the colouring of sugars with yellow and yelJow-hrown aniline dyes ; this 
is somewhat common. The detection is on the principles detailed in the 
chapter on Colouring-matters. One of these dyed sugars is at once detected 
by moistening the sugar with hydrochloric acid ; a red colour is immediately 
produced. l*hosphine is now often used (see p. 83). 

To detect glucose (dextrose) in the presence of other sugars, B. Bottger ^ 
mi.\es the solution with an equal quantity of carbonate of soda solution [1 ‘ 
of the salt to 3 of water], and then adds a little basic bismuth nitrate, 
boils, noticing whether there is any blackening, which is ttiken as an indica- 
tion of dextrose. 

E. Brucke has modified this method, so as to eliminate any blackening 
(which might occur from the sulphur in albuminous matters), by using 
potassium bismuth nitrate, which precipitates albumen. The reagent is 
made by dissolving basic bismuth nitrate in a hot solution of potassic 
iodide with the addition of hydrochloric acid. The albumen precipitated 
by the reagent is of course filtered off, and the hltmte is boiled. 

The simplest and best method, however, of detecting starch sugar when 
. mixed mechanically with cane sugar is undoubtedly that recommended by 
P. Casamajor.® The suspected sugar is thoroughly dried, and is then 
treated with methyl-alcohol which has been saturated with starch sugar. 
100 c.o. of methylic alcohol of 60* strength dissolves about 57 grms. of 
starch sugar, the 100 c.c. becoming in volume 133 c.c. Such a saturated 
solution dissolves cane sugar readily enouglif but leaves starch sugar un- 
dissolved. After stirring the sugar in the methylic alcohol for aiwut two 
minutes, the residue is allowed to settle, and the clear solution decanted. 
The residue is now washed with the same solution, and after stirring and 
allowing the residue to settle again, if starch sugar were present there will 
remain a certain quantity of chalky white specks, accompanied by a fine . 
deposit of starch sugar. By collecting this on a filter, and washing rapidly 
with nearly absolute methyl, approximate quantitative results may be 
' obtained. 

The best method of detecting dextrin when mixed with sugar has been 
specially studied by Scheibler.* He took a sugar which gave the following 
analysis : — 

Per cent. 

Water, 3'36 

Ash, 1-78 

Organic matter, 2*82 

Sugar, 92*60 

and mixed this sugar with various proportions of dextrin — from 1 to 3 per 
cent. — and examined the behaviour of the sugar, both optically and 

chemically. The polarisation indicated the following amounts of ^ cane 
sugar: — 

0*0 0-6 1*0 2*0 3*0 percent, dextrin 

92*6 98*4 94^ 96*6 96*8 „ sugar. 

Thus, a sugar adulterated with 3 per cent., if examined optically, would 

* Joum.fUrprM Cfhm.. Ixx., 482. 

< W'ienAkad.£er.,lS76,1i2. 

* Chemical AVtos, 1880« 

* “The Sugar Cane,** 1871, p. 46^ 



indicate 96*3 per cent, of cane sugar initoad of. 92*6. On invercmg 
sugar, there were great difscrepancies, quite enough to make even ai>:; 
inexperienced observer suspect something wrong. Thus witli the same; 
imounts of <lextrin, the pure sugar showing, before inversion, 96*3 per^ 
sent, of sugar, and after inversion, 67*0 : — 


0‘5 1*0 2 0 3*0 per cent, dextrine. 

Direct, 93*4 94*0 9i>*6 96*3 „ sugar. 

After inversion, 80*4 78*0 73 1 07*0 „ ,, 

It was no use to experiment beyond 3 per cent., because it was then 
rnpossible to clarify the solution by lead acetate sufficiently for tlie pur- 
joses of optical analysis. Scheiblcr summarised his results os follows: 
i)extrin may be detected by its thus raising the degree of rotation, by the 
jreat difference of the results before and after inversion, by tbo blue colour 
t gives with iodine (although therp arc dextrins which, when added to 
lugar, may show this test imperfectly), by the impossibility of clarifying, 
jy lead acetate, the liquid should any amount be present, and lastly, by 
jartial separation of the dextrin by animal charcoal. 

Insoluble mineral matters, such as sand, present in low-class sugars as 
an impurity, may be readily detected by simple solution of the sugar and 
filtration. Gummy matters may also be separated by precipitation by 
alcohol in the way to be described in the article on ‘Tea’; mineral 
matters, generally, may be detected in the ash. Beet sugars, aucl to a less 
degree cane sugars, will contain a large amount of potassic and sodic 
carbonates, arising from the decomposition of the citrates, malatos, oxalates, . 
etc. Beet sugars may also contain nitrates. Cane sugar leaves an ash 
containiig but little soda, with much more lime, magnesia, iron, and 
alumina. Thus, the following is the ash of raw cane and beet sugars, 
obtained in the following manner : All the mineral matters in the sulphuric 
acid residue of a large sugar factory were kept for a whole year, and 
analysed at the end of the year. Of course the carbonates, nitrates, and 
chlorides have all been .decomposed, and the analysis is true only with 
regard to the bases. 

Cane Sugar Ash. Beet Sugar Aeh. 



Per cent. 

Per cent. 

Potash 

28*79 

34*19 

Soda, 

•87 

11*12 

Lime, 

8*83 

8*60 

Magnesia, .... 

2*73 

■16 

Oxides of iron and aluminium, 

6'90 

•28 

Sulphuric acid [anhyd.], 

43*65 

48*861 


Dividing each factor of the ash of the beet sugar by that of the cone, wc 
get the following proportions for the bases : — 


Cane. Beet. 

Potash, 1 1*19 

Soda 1 12*78 

Lime, . 1 ‘41 

Magnesia, 1 *06 

Oxmes of iron and ahiininium, . . I *04 


In other words, the potash is almost equal in the two ashes, but there is 
nearly thirteen times more soda in beet ash than in cane sugar ash ; lim^ 

* J. Wallaoo, Ch 0 m. Nem, xjavij., 75. 
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magnesia, and oxides of iron an(J aluminium are in very small quantities 
in beet sugar jish. 

An analysis of the ash of a Demerara cane sugar growing near the sea- 
ooast, by Dr. Wallace, is as follows : — 


Potash, .... 

For cent. 

29-10 

Soda, .... 

1-94 

Lime, .... 

Magnesia, .... 

16-10 

3-76 

Sulphunc aiihydride, . 

23 '76 

Phosphoiic acid. 

6-69 

Chlorine, .... 

4-16 

Carbon dioxide, . 

4*06 

Iron peroxide. 

. . . -55 

Alumina 

-66 

Silica, .... 

12 

Deduc t oxygen = chlorine, . 

101-03 

-93 


100-10 


If sugar be ever adulterated by any of the starches, so clumsy a fraud 
is readily detected by a microscopical examination, and the use of iodine 
to the residue obtained by dissolving the sugar in cold water, and then 
filtering. 

§ 69. Full Analym of Sugar.—Tho full analysis of a raw sugar con- 
sists in : — 

1. Determination of the water driven off at a heat not exceeding 55" 

to 60" C. » 

2. An optical estimation before and after inversion. 

3. Titration with Fehling’s solution before and after inverRion. 

4. Estimation of the organic acids by treating with sulphuric acid, and 
shaking up this acid extract in a separating funnel with ether, until it has 
dissolved out all the organic acids. 

5. Titration of the organic acids with d. n. soda or potash. 

6. Estimation of any insoluble matter, whether organic or inorganic. 

7. Estimation of the ash and its constituents. 

It may also be necessary to estimate the matters precipitated by basic 
lead acetate; it would bo, however, quite sufficient for commercial,. and, 
indeed, for most purposes, to merely estimate the percentage of cane sugar, 
fruit sugar (if present), water, and organic matter, or water and ash, as in 
the following analyses (Tables V. and VI.). 

The difference between . the totals and 100 would be returned as 
“unestimated matters and loss.” 

The methods of estimating the different kinds of sugar are fully con- 
sidered in the next section, and it only remains to detail the best methods 
of taking the ash of a sugar. 

There are two methods of taking the ash of sugar. 

The one is simply to burn the ash in the ordinary way in a platinum 
dish heated to redness in a current of air. In the case of all substances 
like sugar or starch, this method is very tedious, and without doubt there 
is some loss by volatilisation. Landolt^ determined the amount of this 
volatilisation by a series of careful experiments, and gives the following 

* Landolt, H., Joum. filr pj^iaoha Chem., ciii. Also, “ Sugar Cane,” 1878. 
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TABLE V.— Composition of Ra\^ Beetioot Sugakb op Good Quality. 



Cane 

Sugar. 

Per cent. 

Organic 
Matter. 
For cent. 

Water. 

Per cent. 

1. Clear light mixed product, , 

86-0 

1-6 

2*0 

2. Light mixed i>roduct, . 

93-0 

2*0 

.2*8 

8. Half white, Ist product, 

94-3 

2*3 

2*6 

4. Light mixed product, . 

93 -5 

2*4 

3*3 

5. Light mixed product, . 

94 4 

8*1 

2*2 

6. Half white, Ist product, 

96-1 

2*8 

3*4 

7. Clear white, Ist pi^oduct. 

92-0 

87 

2*8 

8. Light mixed, Ist product. 

93*6 

8*0 

2*8 

9. Clear light mixed, lat pr^uct, 

92*0 

2*3 

2*6 

10. (31earBght, Ist product, 

11. Clear Tight, 1st product, 

93-1 

3*3 

3*0 

940 

8-0 

2*9 

1 2. Clear yellow mixed product, . 

92 0 

8*0 

2*3 

18. Yellow mixed product, . 

92-0 

2*4 

3*5 

14. Clear yellow mixed product, . 

92-0 

3*2 

3*1 

16. Clear yellow, Ist product. 

93*7 

2*6 

2*8 

16. Yellowish mixed product, 

91*8 

2*9 

3*6 

17. Yellow mixed product, . 

93 0 

3*5 

2*7 

18. Yellow mixed product, . 

93*4 

2-9 

2*3 

19. Yellow mixtid product, . 

93 0 

2*3 

2*9 

20. Yellowisli product. 

93-0 

37 

8*1 

21. Yellow mixed product, . 

93*0 

8*3 

27 

22. Light mixed product, . 

28. Ydlow mixed product, . 

91*6 

8*0 

3*0 

907 

4*6 

4*3 

24. Yellow mixed product, . 

93*8 

2*1 

2*8 

25. Yellow mixed product, . 

92*5 

2*4 

8*6 

26^ Yellowish mixed product. 

90*0 

4*3 

37 

27. Yellowish brown, 2nd product, 

91*8 

6*1 

2*6 

28. Yellow, Ist product. 

92*4 

A*5 

2*6 

29. Yellow mix^, Ist product, • 

89*5 

4*0 

87 

30. Light yellow, Ist product, . 

81, Ydlow mixed product, . 

92*0 

89*6 

2*8 

4 3 

8*4 

3*8 

32. Brownish, 2ud product, 

89*0 

6*3 

80 

83. Second product, .... 

87*0 

6*2 

4*1 


TABLE VI.— Some Analyses by Me. Halse of Concbstes. 



Cane Sugar. 

For cent. 

Uncryitalllsed 

Sugar. 

Per cent. 

Water. 

Per cent. 

Ash. 

Per cent. 

1. 

87*20 


4*60 

1*38 

2. 

89 -«q 

1*90 

6*60 

•86 

8 . 

90 * 20 . 

195 . 

4^8 

*99 

4 . 

91*70 

8*80 

2*15 

*88 

6 . 

87*00 

6*00 

4*72 

1*24 

6. 

95*10 

1*40 

1*66 

•86 

7 . 

94*80 

1*70 

2*21 

1*16 

8 . 

92-60 

1*92 

270 

1*18 
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Table (VII.), which may be used as a guide to the correction of the final 
weight of ihe ash. 


TABLE VII. 




Lobs by Heating after 


WeHtht of 
Uetoiduo. 





Half an Uonr. 

One Hour. 

One and a Half 
Hours. 

Two Honrs. 

/•Ol gnu. 

/ '02 „ ! 

■002 grin. 
■002 „ 

•004 grm. 
*004 „ 

*006 grm. 
•007 „ 

•008 grm 
•009 ,, 

•08 „ 

■002 .. 

•006 „ 

•008 „ 

■010 ,, 

•04 „ 

•008 „ 

•OOP, „ 

•009 

•Oi-2 „ 

•05 „ 

■004 „ 

•007 „ 

! -on „ 

•015 .. 

•0(5 „ 

•004 „ 

•008 „ 

•013 „ 

•017 „ 

■07 .. 

•006 „ 

•010 „ 1 

*015 

•019 „ 

•08 „ 

■006 „ 

•010 „ 

•016 „ 

•020 „ 


A method recommended and practised by Scheiblcr was to moisten the 
ash with sulphuric acid, whereby the combustion is much hastened, and 
the bases, being obtained as sulphates, approximate more nearly in weight 
to that of the organic salts naturally in the sugar, which in the other 
method are obtained as carbonates. It has also been proposed to precipi- 
tate the sugar with acetate of lead, and thus obtain the lead salts of the 
organic acids. The lead compounds are decomposed in the usual way, and 
the acids set free titrated by potash. The potash combination approximates 
somewhat more closely to the actual salts of the sugar. 

But the best of those methods which attempt to reconstruct from the 
ash the original salts, is probably that of Laugier, already described at 
p. 96. Laugier extracts the organic acids by ether, and then adds them to 
the ash, and evaporates them down with it. As to raw beet sugar ash, the 
experiments of Landolt appear to show that simply multiplying the pot- 
assic carbonate found by 2, gives the amount of organic salt from which it 
was derived.^ His experiment was as follows Two pounds of syrup were 
fully precipitated by lead acetate, then decomposed by SHg, and exactly 
neutralised by potash. Tlie solution was next partly evaporated, passed 
through animal charcoal, and dried. It gave the reactions of chlorine, and 
of oxalic, malic, and tartaric acids, with a trace of .sulphuric acid. Three 
separate portions w'ere now carbonised, apd the proportion for every one 
part of organic salt of carbonate of potash was — in experiment 1, 2‘04 ; in 
experiment 2, 2*06; in experiment S, 1*98; the mean of the three being 
2*02. 

§ 70. Glucose^ Dextrose^ Dextro-Glume^ Grape Sugar — 
/ The specific rotatory power of glucose is 63“.* It is soluble in 100 parts of 

' 1 Or if Scheibler's process be followed, the sulphates of the alkaUes may be multiplied 

by 1*64. 

* Dextrose may be distinguished from maltose, lactose, or sucrose by Barfoed’s 
solution— Co^r acetate, 45 grms. ; acetic acid, 1 *2 o.c. of 50 per cent ; water, 1000 
- ' C.O. 6 O.C. of the reagent and 5 o.c. of the solution, which must not oontain more than 
; . 2 mgms, of the sngar, are heated in boiling water for ten minutes ; any reduction is due 
, to dextrose.— F. C. Henkel and Heniy C. Sherman, J. Amur, Ckm^ 1907, 29. 

' * [a]n == + 52*8 up to 16 t^r cent concentration ; the rotation usually accept for the 

T ft'RA <1iviani> ifiXfkl *7 ■*' 
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cold water, and very soluble in boiling v^ter ; it is soluble in glycerine, in 
about two parts of rectified spirit, and two of amylio alcohol ; but it i» 
insoluble in ether and in chloroform. Dextrose is widely spread in the 
vegetable kingdom, but is never found unaccompanied by levulose. Dex- 
trose is artificially obtained by heating carbo-hydrates, such as starch or 
cane sugar, with acids; in the former case, it is accompanied by dextrin, 
from which it is difficult to purify it. The rotation increases with -the con- 
centration — this may be calculated for anhydrous glucose by the following 
formula, p being the per cent, of sugar in solution [aT2 = 52’50 -1-0*0188 
» 7? -I- 0*000517 yA 

The best way to obtain dextrose from cane sugar in a pure state is, 
according to Soxhlet, the following : — 3 litres of 90 j)er cent, alcohol and 
120 c.c. of concentrated hydrochloric acid are made to act at 45“ C. for two 
houra on 1 kite, of cane sugar. After ten days, crystals of dextrose form, 
when the liquid may be concentrated by distillation, and the crystals which 
have formed removed. In a few days, the whole of the dextrose will have 
been deposited as a white jwwder. The crystals are washed with 90 per 
cent, alcohol and with absolute alcohol, and crystallised out of the purest 
methyl-alcohol. Crystallised grape sugar is in the form of little masses of 
six-sided tables, which melt at 86° 0., and lose at 100° C. their water of 
crystallisation. 

§ 71. Levulose (or Levuglucme) is isomeric with dextrose, but distin- 
guished from it by its action on a ray of polarised light which is turned to 
the left, instead of to the.right : for a 1 0 per cent, solution specific rotation 
at 17° C. is [«]/> - 91*55, liut the rotation usually taken for the 3*86 divisor is 
- 93 *7. It is obtained in company with dextrose when sugar is ‘ inverted ’ by 
the actibn of a dilute acid. To isolate levulose the acid must be got rid of ; 
for example, if hydrochloric acid has been used, it is precipitated by silver 
solution ; if sulphuric, by baryta water, etc. The solution of invert sugar 
must be alx)ut 10 per cent, strength. To every 100 o.c. 6 grms. of freshly 
burnt lime must be added, and the wliole shakefi. By artificially cooling 
the solution with ice, a crystalline magma is obtained, and by filtration the 
more soluble dextrose lime-compound can be obtained from the less soluble ' 
levulose lime-compound. The sugar thus obtained can be freed from lime 
by carbon dioxide. 

Levulose is uucrystallisable, but it lias not been found possible to separate 
it entirely from the crystalline glucose, by crystallising the latter out of it. 
It presents w’hen pure simply the characters of a colourless syrup. 

§ 72. Estimation of Garho-hydraies. — Carbo-hydrates in solution are 
estimated by English chemists by a combination of physical and chemical 
processes, that is to say, by determinations of the reducing power on certain 
solutions of copper salts, by the action of invertase, of diastase, by a 
determination of the specific gravity and by observations by means of a 
polarimeter. 

(1.) Determination of the Cupric Reducing Potoer, 

This is capable of great accuracy if the conditions of strength of , 
solutions, temperature, and time are always maintained as nearly imifonn 
as practicable. 

The standard solution of copper (Fehling) is made as follows: — 34*5 grmi^:; 
of copper sulphate atie dissolve in 500 c.c. of water, and the solution made ' 
■«T» M 500 0 . 0 .. 17.S flnmnfi. of UoohoHo suit, fHodio.notnmiio tArtrato^ and OSi ■ 
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grins, of anhydrous soda are dissblved in water, and this solution also is 
made up to 500 c.c. ; the two solutions are kept separate, but for use 
equal bulks arc mixed together. It is important never to vary these 
quantities, and in particular to have the exact quantity of soda. 

A slight reduction takes place on heating this solution, which, in 
important determinations, must be estimated; this reduction under the 
usual conditions is from 2-3 mgrms. CuO for every 50 c.c. of the Fehling 
solution used. 

The reduction of a reducing sugar must be so arranged that the 
resulting copper oxide lies between the values of 150 and 350 mgrms. 
that is to say, equal to from 60 to 120 mgrms. of dextrose. 

This knowledge can usually be obtained from the specific gravity of 
the solution (see p. 113), or, by a rough volumetric preliminary test. 

The process of roductioii is iKirformed as follows : — 50 c.b. of Fehling’s 
solution are placed in a wide-mouthed fiask of 250 c.c. capacity, and 
immersed in boiling water. When the temperature of the copper solution 
continues stationary, an accurately weighed or measured solution of the 
sugar is added, and the whole made up to 100 c.c. with boiling distilled 
water. The heating is continued exactly twelve minutes. The precipitiited 
copper oxide is now filtered off while hot, and the resulting cuprous oxide 
is converted into CuO at a red heat, or the copper oxide is reduced by 
hydrogen, and the copper weighed as such, or the copper oxide is dissolved 
in nitric acid and the copper deposited oloctrolytically. 

Most chemists filter the cuprous oxide through a small plug of asbestos 
pulp in a Soxhlet tube ; others use a double filter paper. lu the one case, 
however well washed the asbestos may be, it loses weight; in the other 
case, the copper in solution adheres in small quantity to the filter jxiper, and 
cannot be entirely washed out ; if, however, blank experiments are made, 
this last source of error can be allowed for, and on the whole an ashlcss 
filter paper is the more convenient The filter is w’ell washed with hot 
water, and then dried with its contents in a porcelain or platinum dish ; 
when dry, the filter is slowly charred, then brought for some time to a 
dull red heat, and finally heated to bright redness in a muffle or over a 
good Bunsen flame. If, however, the copper is to be determined electro- 
lytically, the filter may be destroyed rapidly and a solution made of the 
copper. 

The use of any kind of filter may, however, be avoided by transferring 
thf liqiiid to a special tube, and whirling in a centrifugal machine. Tlw 
special tube is in two parts ; the one an ordinary glass tube, the other a 
cone ; this latter may be of glass, of porcelain, or of platinum ; the two 
are connected by a sound caoutchouc joint. On whirling, the precipitate 
collects in the cone. The supernatant fluid is syphon^ off, hot water 
added, and the operation repeated until the washing water gives no coppei* 
■ reaction. 

In order to estimate copper oxide by electrolysis, so that the copper is 
deposited as a coherent film on a platinum electrode or dish, the following 
conditions are necessary ; — 

The copper oxide is dissolved by a known quantity of nitric acid, and 
the liquid diluted, so that the strength of nitric acid iii solution does not 
. exceed 3 per cent. The solution is then electrolysed at from 20® to 30® C. ; 
‘ the current density must not be more than from O'd to TO ampere, and 
the tension from 2'2-2‘5 volts. The time taken for the deposition is 
. ?rom four to five hours. | - 
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§ 73. The K and R Fa/w«f.— ,0’SulUvan took dextrose as the type of 
reducing bodies, and used it as the standard to which all other reducing 
carbo hydrates or mixtures of reducing with non-reducing ones were 
compared. He designated by the letter K the cupric oxide reduced by 
100 parts of a substance calculated as dextrose; hence K 50 means that 
a substance has half the reducing power of dextrose. 

Just as K is the specific reducing power of a substance referred to 
dextrose as standard 100, so also the symbol K is used to denote the 
specilic cupric reducing power of a substance referred to maltose as a 
^standard (100). 

Since, moreover, the strength of solutions is mostly determined by using 
as a divisor the specific gravity minus 1000, and the ordinary divisor for 
a 10 per cent, of cane sugar is 3*86, this divisor is used f(jr most solutions 
of unknown vgluo ; when this is done, then the factor is suffixed to K — thus 
If, on the other hand, the tme divisor is used, as, for example, 
for particular solution of sugar or starch conversions as obtained from the 
curves in fig. 19 a, on page 114, then this is the absolute value, and is 
designated as such or simply as K. 

To convert absolute values into 3*86 values is easy. For example, 
1*371 grm. of CuO is reduced by 1 grm. of absolute maltose, that is maltose 
divided by the gravity as determined by the true divisor 3*92. Hence for 

3*86 

1 grm. of 3’d6 maltose we have 1*371 x 


TABLE VIII.— The Cupric Reducino Powkus of Dextrose, Lkvitlose, and 
Invert Sugar. Brown, Morris and Millar, Joum, Chem. Soc. {Travs.), Ixxi., 281. 


Mgrnu. of Sugar. 

• 

Dextroso. 


Levulosc. 

Invert Sugar. 

On 

grams. 

CuO 

grams. 

ill 

^1*0 

Cu 

grams. 

CuO 

grams 

CuO corre- 
sponding 
tol gram. 

Cu 

grams. 

CuO 

grams. 

ill 

w a eo 

0 S'” 

5 "3 

60 

0-1030 

0-1289 

2-678 

0-09-i3 

0*1166 

2-810 

0-0976 

0-1221 

2-442 

66 

0-1134 

0-1422 

2-686 

0-1027 

0-1--W 

2-341 

0-1076 

0-1349 

2-463 

60 

0-1238 

01662 

2-587 

01122 

0-1407 

2-846 

01170 

0-1474 

2-467 

65 

0-1342 

0-1682 

2-689 

0-1-216 

0-1624 

2-346 

0*1276 

0-1698 

2-459 

70 

0-1443 

01809 

2-686 

0-1312 

0-1646 

2 360 

0-1373 

0-1721 

2-469 

76 

0-1643 

0-1936 

2-6^0 

0-1406 

0-1761 

2 340 

0-1468 

0-1840 

2-464 

80 

0-1644 

0 2061 

2*677 

0-1.500 

0-1881 

2-861 

0-1660 

0-1968 

2-454 

86 

0-1740 

0-2187 

2-672 

0-1.51X1 

0-1993 

2-345 

0-1662 

0-2084 

2-461 

00 

0-1834 

()-22!H» 

2-566 

0-1686 

0-2114 

2-849 

0-1766 

0-22f)0 

2-446 


0-1930 

0-2420 

2-647 

0-1774 

0-2224 

2-341 

0-1848 

0-2317 

2 - 4:19 

100 

0--2027 

0-2538 

2-638 

0-1862 

0*2.331 

2-331 

0-1941 

0-2430 

2-430 

106 

0-2123 

0-2062 

2-636 

0*1952 

0-2447 

2-381 

0-2034 

0-2550 

2-420 

110 

0-2218 

0-2781 

1 2-623 

0*2040 

0-2668 

2-326 

0-2128 

0-2068 

2*426 

116 

0-231.8 

0-2900 1 

2-.522 

0-2129 

0-.>(l69 

2 321 

0-2220 

0-2783 

2*420 

m 

0-2404 

0-3014 ! 

2-512 

0*2216 

0-2777 

2-314 

0-2811 

0-2898 

2-416 

125 

0-2496 

0-8130 

2-504 

0-2.'103 

0-2887 ! 

2-810 

0-2400 

0-3009 

2*407 

ISO 

0-2685 

0-3241 

2-4‘.» 

0-2890 

0-2997 

2-806 

0-2489 

0-3121 

2-400 

136 

0-2676 

0-8354 

2-484 

0-2477 

9-8106 

2*300 

0*2678 

. 0*8232 

2-394 

UO 

0-2762 

0-8468 

2-478 

0-2669 

0-82^9 

2-292 

0-2668 

0-3339 

‘ 2-885 

146 

0-2860 

0-3.578 

2-464 

0-2641 

0*3311 

2-284 

0-2760 

0-S448 

2-878 

150 

0-2984 

0-8673 

2-448 

0-2728 

0-3409 

2-278 

0-2832 

0-a546 

2-864 

166 

0-3020 

0-8787 

2 448 

0-2806 

0-8617 

2-200 

0-2916 

0-3666 

2-868 

160 

0-3108 

0-3801 . 

2-432 

0-2889 

0*3622 

2-264 

0-8002 

0-8764 

2-362 

166 

0-3187 

0 8906 

2-422 

0-2972 

0-8726 

2-268 

0-3080 

0-8869 

2-846 

170 

0-8-268 

0-4008 

2 410 

0-806.3 

0-8328 

2-262 

0-3107 

0-8971 

2-886 

176 

0-8860 

0-4200 

2-400 

0-8134 

0-8030 

2-246 

0-3261 

0-4076 

2*829 

180 

0*8481 

0-4302 

2-890 

0-8216 

0-4082 

2-240 

0-8331 

0-4177 

2-320 

186 

0-8608 

0-4899 

2-877 

0-8297 

0*4134 

2-284 

0 8410 

0-4270 

2*811 

190 

0-8690 

0-4601 

2-369 

0-8377 

0-4284 

2-228 

0-8490 

0-4876 

2*808 

196 

0-8668 

0-4S99 

2*858 

0-8467 

0-4385 

2-223 

0-3570 

0-4476 

2*296 

SOO 

0-3746 

0*4689 

2-344 

, 0-8689 

0-4481 

2*216 

0*8666 1 

0-4670 

2-285 

206 

0-8822 

1 0-4792 * 

2-838 

0-8616 

0‘46S4 i 

2*211 

0-8726 

0-4672 

2*279 , 
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The Cyanide Copper Promsi gives a fairly accurate estimation of 
piucing sugars, and is performed aa follows To 20 c.c. of Fohling (or, as 
it is better to keep the solutions separate, to 10 c.c. of copper sulphate 
solution of Fehling’s strength, to which 10 c.c. of the alkaline tartrate are 
add^), add 40 c.c. of water in a porcelain dish, and heat to boiling ; while 
boiling, drop in from a burette a 5 per cent, solution of potassio cyanide 
until there is only the faintest blue colour observable — now add a second 
20 C.C. of Fehling, and heat to boiling, and, while boiling, drop in the 
solution of sugar from a burette until complete docolorisation. The 
liquid should be standaidised by solutions of 0*5 per cent., 1*0 per cent., 
and 2 per cent, of the various reducing sngara. 

Mr. W. A. Rogers has made a number of determinations of lactose in 
milk by the copper cyanide process in our laboratory, and has observed 
that, when the end of the reaction is nearly rtviched, it is noitessary to add 
the sugar solution very carefully, since the addition of any excess of the 

DiVISOlW FOK 0AIlBO*HYI>JfArE3 AT VARIOUS DENSITIES. 


SpEoiFin Gravity at C. 



latter, more than necessary to just decolorise the solution, produces a 
green colour which may rather easily be mistaken for the faint blue which 
prwedes the end of the reaction. In making a number of determinations, 
it is also advisable to allow the same length of time (say a minute) to elapse 
between the addition of the portions of the sugar solution; otherwise 
atriotly comparative results may not be obtained. 

(2.) Dr. Pavy*8 J^ocess. 

An excellent method of determining sugar has been invented by Dr. 
Pavy.* ^ The principle of the process depends on the decolorisation of an 
ammoniacal copper solution by glucose in the absence of air. 

The copper solution is made by dissolving 20*4 grms. of potassio sodic 
tartrate and 20*4 grms. of caustic potash in 200 c.c. of water ; in another 
200 O.C., 4*158 grms. of cupric sulphate are dissolved by the aid of heat, 
1 Geirard, PAorw. series, xxv., 912. . * Laneet^ 1884, 
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and the two solutions are mixed together ; when cold, 300 c.c. of strong 
ammonia (sp. gr. -880) are added, and the whole made up to 1 litre with 
water. 10 c.c. of this liquid diluted to 20 c.c. with water equals 5 mgrms. 
of glucose. 

To make the estimation, 10 c.c. of the ammonia copper solution are 
placed in a flask with a rather wide mouth, an equal bulk of water is added, 
and a good caoutchouc stopper having two perforations is fitted to the 
neck of the flask ; through one of the holes is adapted air-tight the conical 
end of a burette, having either a glass stopcock or a clip ; while the other 
thole carries a bent tube for the exit of the vapour. The sugar solution is 
placed ill the burette. Heat is now applied to the flask, and when the 
liquid is lioiling violently the sugar solution is run in slowly, after each 
addition boiling up ; the blue colour fades gradually, and the end reaction 
is tlie complete absence of blue colour. 


TAliLE IX.— SiiowiNo TUB amount ok Suoab kxiuibsshjd in Pai !T8 by 
WeKJUT TEll 1000 BY VoLUMlS COnREHrONlUNO W'lTlI (J.O. IN IOTHS 
KEQrriiiKi) TO l)E<moui8E 10 c 0. OF TUB Ammoniated Uori'Eit Test. 


C.c. to 
Decolorise. 

rartH Her 
1000 of Kutfar. 

Cc. to 
Decolorise. 

Part# jKjr 
1000 of Suj^ar. 

Cc. to 
Decolorise. 

Parts per 
1000 of Sugar. 

6'0 

•833 

7 ‘4 

•673 

8*8 

•568 

6 1 

•819 

7*5 

•681 

8*0 

*661 

6*2 

•806 

7*6 

•658 

9*0 


6*3 

•793 

7*7 

•646 

9*1 

•649 

6*4 

•781 

7-8 

•638 

9*2 

■643 

•6*5 

•769 

7*9 

•631 

9-3 

•537 

6-6 

•767 

8-0 

626 

9 % 

•531 

6*7 

•746 

8-1 

•617 

9-6 

•626 

6*8 

•736 

8'2 

•609 

9*6 

•620 

6*9 

•724 

8*3 

•602 

9*7 

•616 

7*0 

•714 

8'4 

•696 

9-8 

•610 

7*1 

■703 

8-5 

•588 

9-9 

•605 

7*2 

•691 

8-6 

■681 

10*0 

•600 

7*8 

•681 

8-7 

•574 

10-1 

•496 


The authors use a modification of the process invented by Mr. 
Stillingflcet Johnson, The caoutchouc stopper is perforated by three 
holes instead of two ; the third is for a tube which dips beneath the surface 
of the copper solution, and is closed or opened at pleasure by means of a 
short bit of india-rubber tubing adapted to the air-end of the tube and 
furnished with a clip ; the second tube, for the outrushing ammonia vapour 
and steam, is also furnished with an india-rubber tul^, the end of which 
dips under the surface of a considerable bulk of acidulated water, and is 
furnished with a Bunsen valve to prevent ary back-rush. The use of the 
latter tube is, of course, to condense the ammonia-vapour, so that the 
operator is not inconvenienced. The use of the extra tube is to more 
accurately hit the end* reaction — to do this, directly the deoolorisation of 
the copper solution is complete, the flame is removed and the clip opened ; 
as the flask cools, air passes in a stream of Imbblos through the liquid ; if 
the point has been exactly reached, the blue colour reappears after a very 
few seconds, but if, on the eontraiy, too much sugar solution should be 
run in, a longer time *elapseB.i By standardising the copper solution by 

' It has been proposed to exclude the air by a layer rf paraffin of high boilmg point 
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pure glucose, and working so thut after complete decolorisation a certain 
number of seconds elapse, before the blue colour reappears, and taking 
with unknown solutions the same number of seconds, a high degree of 
accuracy is attainable. It is, of course, obvious that the sugar solution to 
be tested must be very dilute — viz., from *4 to *8 per 1000. A 
preliminary experiment must first be made, and then the solution so 
diluted that from 0 to 10 c.c. are rc(piired to decolorise 10 of ammoniacal 
copper. 

The foregoing table, taken from Dr. Pavy's original paper, may be 
useful. 


(3.) Physical Processes for the Ditermination of Sugar. 

The sacoharimeiers in use are numerous ; for tl]0 food analyst, the 
most useful are the larger instruments, which admit of the use of tubes 
up to 500 mm., for in tliis way, and in this way only, can solutions con- 
taining 0 5 per mil. of sugar be 
physically estimated. Mit^cherlich's 
polariscope (see fig. 20) consists of a 
stationary Nicol’s prism in a, a plano- 
convex lens in 5, and a rotating 
Nicors prism c. The first prism 
polarises the light, and the use of the 
second is to indicate the plane of the 
polarised ray coming from the first. 
The second prism is therefore set in 
a graduated circle, d d, ani is pro- 
vided with an index, f and there is a 
handle, e, which turns both prism and 
index. If the index be either at 0" 
or 180*, and an observer look 
through the tubes towards the 
source of light, the flame is seen 
divided by a vertical Hue into two 
equal parts; if now the tube, sup- 
plied with the instrument, bo filled 
wdth the liquid to be examined, and 
interposed between the lens and the 
second prism, should it contain sugar or other polarising substance, the 
black stripe is no longer in the middle of the field, and the liaudle moving 
the index and prism must be turned until the black stripe is seen ; or, if 
the stripe is broad and undefined, the prism is turned until the exact point 
is reached in which blue changes into red — the index at this point marking 
the amount of the polarisation by the scale and the direction ; for if the 
index has to be turned to the right, the polarisation is + , or right-handed ; 
if to the left - , or left-handed. 

In order to make this quantitative, and to estimate the specific rotati<m 
of a sugar (t.e., the number of degrees of rotation observed when 1 grm. of 
the sugar is dissolved in 1 c.c. of fluid and observed by yellow light through 
a tube 1 decimetre long), it is necessary to dissolve a known weight of the 
pure sugar in water; then if the len^h of the tube be known, and the 
temperature of the solution and the rotation be observed, all the necessary 
data are obtained. For ei^mple, let the rotation =s a, the length of the 



Fig. 20. 
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tube in decimetres = 1, the weight pf sulwtanoe in 1 c.o. of fluid then 
the specific mtation for yellow light — 


pi 


or(4=±^^ 


Provided there be only one sugar in the fluid under investigation, the 
specific rotation of which is known, the weight of the sugar in 1 c c. of the 

i fluid is estimated by the follow'ing formula : where a equals the 

observed, and (a) the specific rotation. It is conveiTicnt to take the 
reciprocal of (a) = r, then the formula for 1 decimetre tube is simply P* 
Txa. hor example, taking the sp. rotatory power of cane sugar as 6fi*5, 

then the recij^frocal = = 1 *504, and an angular deviation of 2“ would 

equal 3 per cent, of sugar, for 2 x 1*504 = 3*008, or, if the 200 rnm. tube is 
taken, the reciprocal is *75, the polarisation would, in such a case, bo 4*, and 
4 X *75 = 3*0. 


Tadle X. — Showing the Rotatoiiy Powek of the CAiiBo-UYDKATFiJ. 


Substaiice. 

i 

Divjgor to Ret 
grins, per 

too C.C. 

Specific Rotatory Power 
(aliBolutc). 

Rpt'olfio Rotatory 
Power reduced 
to the Oonnuon 
Divisor, S-S(i. 

• 

D. 

[nh. 

Reoijirocal. 


Dextrin, 

3*95 

+ 198*9" 

*502 .. 

+ 194 4" 

Sucrose, 

3*85 

+ 66 5 

1 504 

+ 66*8 

Maltose, 

3*92 

+ 138*0 

*724 

+ 185*9 

lActoso (anliyd. ), . 

3-99 

+ 55*4 

1*805 

+ .53 *6 

Lactose (ery St), . 

3*99 

+ 52*6 

1*901 

+ 50*9 

Dextrose, 

3*83 

+ 51*3 

1 *950 

+ 51*7 

Levuloao, 

3-93 

- 95*4 

1048 

“ 93*7 

Invert sugar. 

3*88 

- 22*0 

4*545 

- 21*9 


The readings may bo converted into {a)j by simply multiplying by the 
factor rill ; thus the reading for (ct)^ dextrose x 1*111 equals 56*9, or prac* 
tically 57 ^ If the specific rotatory |)owcr given is to bo reduced to the 
comiiiou divisor 3*86 this is effected by dividing the given number in Table X. 
by the factor in column headed D and multiplying by 3*86. Thus, if 61*3 

be taken as the absolute optical activity of dextrose, then 

+ 51*7° 

f^olefPe SacchaTtmeter (see Plate) consist! of three essential parts, two of 
which are fixed (fig. 1), AB and CD, the other movable, which is inserted 

* The factor 1*111 is not absolutely correct for all sugars and concentrations. 
Brown, Moms, and Millar {Joum, Chem, Soc» {Train/,), 1897, 98) give the following 
factors for converting [a]^ Biot into [a]; 


Cane sugar, . 

Per cent. 

. 10 

Faetjr. 

1*107 

Dextrose, 

Per cent. 

5 

Factor. 

1*111 

Maltose, 

• ,10 

1*113 

Starch products, 

. 10 

1*111 


. 6 

MU 

5 

1*111 

Dextrose, 

. 10 

1‘115 

A 
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between B and C. SonictimesHhe tube BC, 20 oentimetros lone 16® 21 

and sometimes the tul^ B'C' (fig. 3), 22 oentimotres long, furnished witl 
a thermometer, T. Thew tubes are destined to contain the in»whBi-iT, ^ 
Bolutions, the value of which is to be determined. 

■ The movable parts are — 

***“ •>: 

of tic ii>di«tor“' *“ *•*« *»>® 

unifoilio tiToS "" ‘'‘® “ <”«• 

SS.S*" lii" » «*«» ... 

*’• “ «- 

ti. 0P«™ting are as follows :-The lamp is adjusted so 

t^t Its light traverse the axis. A tube similar to that which contains 
the saccharine solution is filled with pure water, and is adjusted in the 
place provided for it between the ocular and objective portion. Then 

' V' P““h«d out or in, 

until tlio field IB seen divided into two equal halves, coloured with one and 
the same tint, or two different tiiite separated from each other by a black 
bo very sharply defined. If, as gcuemlly hap^ns, the 
two half-diMs have not the wme tint or shade, the large hoAmntdl button 
11 IS turned either way until the desired result is obtained 

It is not only n^ 8 sai 7 that the two half-discs should have the same tint 
’’0 “‘tcmely exact, that tint should be the one most 
senable to the eye of the observer ; and as all eyes are not equall/sensible 
to the same tint, the proper colour must he found by experiment. 

iho zero line on the scale must coincide exactly with the black lino of 

**'® ■» not perfect, it may be 

established by turning either way the little button V until this is 
accomplisnea. 

^trument once adjusted, the examination of the sugar may be 

«ii J**®.*u ***?? "**’* ‘be saooharine solution, is substituted for that 

niled with water, or if an inverted sugar is taken, then B'C' is filled. On 
wli •“? *brough the mstrumont, it is seen that uniformity of tint no 
lomger exists, and that the two half-disos are coloured by diftoent 

by turning the large horiaontal button H 
until toe two half-discs are again uniform, 

?“®bmne solution 18 mostly oolonred, the uniform tint re- 
^hliehed is not in general the eensiUe tint to which, however, it is 
which the colour of the solution has caused todisap- 
pear. Ibe milled head B is then turned to cause the tentiOe tint to ^ 
appear ; this tint re^ed, tiie equriity of shade of .the two hdf-disos, if not 
A *“* ^ «n^*) by te^g again H. It now onll^maiM 
to. the degm on 1^ scale EB'. to which the Sidex answers- the 
oorreqi^ing to this degree gives immediately in lOOths the «*w, 

«rttonohneas(rf th6^^on, provided the normal wd^t has been diasiW 
prepantiott of the saooluuiBe eolations is as Mows •— 

SiMm cf Pma Siqw^l6-26 gnus, of'tiare sucar arh 
^toaolved m water, tbb volume made up to JOO c-c., Mdobewved^tuba 

SO oms. Ill length; i»«to iflO degrees ^bn tlw saoitaSart^^ 
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The Maw Sugar of Oowtmerc^.— fl^6‘26 grms. of the sugar aro 
powdered and dissolved in water, and the whole made up to 100 ac. ; if the 
solution is too dark, it may be clarified by sugar of lead. The tube BO is 
fiUed with the solution thiis prepared and adjusted. 

(3.) The next operation is to invert the sugar. 6 c.o. of fuming HCl 
are added to 50 c.c. of the sugar solution, and heated in the water-bath up 
temperature is reached, the solution is put in the tube 
B Cr, its rotating power (which is now inverse) observed, and at the same 
^time the temperature at the moment of the observation. 

9 Inversion of Cane Sugar by Invertase , — It is recommended in all eases 
in which other sugars, inulins, starches and glucosides are present to invert 
with invertase, because inversion by acids also acts upon the bodies 
mentioned. The only sugars inverted by invertase, besides cane sugar, 
are raffinose an^ gontianose, both of which bodies can easily be detected 
by their optical properties. 

Invertase may be prepared ^ by allowing brewers’ yeast to liquefy ; this 
it does if kept at ordinary temperatures for a month or longer ; the liquid 
filtered through a cloth has high hydrolytic power. Invertase may be pre- 
cipitated by alcohol with some loss of activity. E. Bourquelot » shakes a top 
fermentation yeast with 96 per cent, alcohol, allows the mixture to stand for 
thirty minutes, drains off the liquid and dries the residue at 30*. One grm. 
of this product^ triturated with 100 o.c. of water, saturated with thymol 
and filtered, yields an active solution preserving its properties for a week. 

To invert with invertase a small quantity is added to the liquid, which 
must be slightly acid and contain no alcohol The liquid is then kept at ^ 
50* 0, for three to five hours. The liquid is then heated to 100* C. to destroy 
the inveftase, and its polarimetric and reducing properties investigated. 
Instead of invertase, a small quantity of yeast may be added direct, and the 
liquid kept, as before, at 50 for some hours. From the polarimetric readings 
before and after inversion, the amount of sugar may be readily found by 
tables, such as those of M. Clerget, or by the formula as below. 

Supping the number given by the first observation is 75, by the 
second (inverted) 21, at a temperature of 12* 0., the sum of the two numbeiB 
(76-H21) makes 96. Now, on referring to M. Cleiget’s table, under 12*, ■ 
or in the third column corresponding to the temperature of 12*, the nearest ' 
nmnlw to 96 is in this instance 95*6 ; the horizontal line in wWch 95-6 is 
placed is followed, and there is found, first, in the column A, the figures 
70 per cent, of pure oiystallme sugar; secondly, in the column B, the 
figures lU-45, placed by the Side of 70, which indicates that the sacohanne 
solution examined contains per litre 114*46 grms. of pure sugar. If, 
however, as sometimes happens, th^ solution contains a polarising suhstanoe 
not modified by acids, ^ such a^ase the difference of the two numbers, and 
not the sum, is to be taken and dealt witih jns before. It is soaroely necessaiy 
towniMk, that if the substance is known to "contain oidy oiystallisable ' 
sugar, and the tube Bp.be filled, one observation alone suffices. 

If tables are not at hand, the following formula can be used : Lot T 

be the temperature, S the sum or difference of the twn determinstions, P 
the rotatory power, B the quantity of sugar oontidned in 1 litre of thc^ 
solution;— ^ 





‘ /mmu. See, 

■ Jvum. Pham, 481^. ■ 
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Profmor JelletVa instrummt is a littb more elaborate than Soleil’s, 
and of great accuracy. The eyepiece or analyser of the apparatus consists 
of a suitably moiiuted prism, made from a rhombic prism of Iceland spar. 
The rhombic prism is cut by two planes perpendicular to the longitudinal 
edges, so as to form a right prism. The prism is next divided by a plane 
parallel to the edge just produced, and making a small angle with the 
longer diagonal of the base. One of the two parts into which the prism 
is thus divided is then reversed, so as to place the base uppermost, and 
the two parts are connected together. ^ 

Another distinctive feature of the instrument is, that the mechanicq,l 
rotation of the analyser for the finding of any partitjular plane is dispensed 
w’ith, this function being transferred to a fluid which has the power of 
turning the plane of polarisation opposite to that of the solution to be 
examined. The analysing tube slips into, and moves up J^d down in, the 
compensating fluid, so that different thicknesses of the latter fluid can be 
readily interposed and measured by a scale fixed to the instrument. 

TJbe SaerJimimetre a Penomhrh^ of which the principle was eniinciatod 
by M. Jellet, as constructed by M. JJuboscq, has some very great ad- 
vantages. It requires the employment of a simple light, and the field 
does not present to the eye for comparison two diflerent colours, but two 
intensities, sensibly diverse, of one and the same colour, so that the least 
variation can be appreciated. I’lie simple light is best obtained by the in- 
sertion of a bead of some salt of sexia on a platinum wire in the flame of a 
Bunsen burner. Landolt’s with Lippich’s polariser and Ijauren t’s half-shadow 
are all excellent instruments, and suitable for the purposes of the analyst. 

The polarising instruments in use are in France, Tjaurent's half-shadow, 
and in Germany Landolt’s ns constructed in numerous varieties b 5 Schmidt 
and TIaensch ; in this country, probably, the latter class of instrument is 
the most common. Lippich has invented an instrument in which the 
visual field is divided into three parts ; this is effected by placing behind 
a largo Nicol prism two half prisms symmetrically disposed ; one of the half 
prisms is fixed, the other can bo rotated {Zeit, f. lustrmievtkunde, 
1894, xiv. 32G). The saecharimetor scales are not identical. In the 
German instruments, the nonnal weight of sugar is 20*048 grms. in 
100 c.c. of water at 17*5 — in the modern French instruments 16*35 ; some 
instruments, ?.</., Laurent, have angular degrees and sugar divisions 
marked on the same circular disc. The analyst, who has to assay sugar, 
fipds sugar divisions convenient, but the public analyst has more frequently 
to estimate the percentage of sugar in solution than to assay the sugar. 

As a rule, the most frequent determination is the percentage of cane or 
other sugare in a liquid ; it is useful, therefore, to give the following 
’^lations : — 

Values of Polaeisino Insteumentb. 



SuKur Seale 

1 Division 

Angular 

Depots 

Angular 

D«t^8 

Cane Sugar 
corresponding 
to 1 mvislon. 

German Instrumfei^ : Schmidt and 
Haensch, Ventze’^nheiber, etc., . 

1 

•3468 

• 

•3840 

•26048 

Soleil Duboseq, • . . . 

1 

•2176 

•2408 

•1686 

WUd, ... . . 

1 

•1381 

•1473 

•10 

Laurent, . «' • . 

1 

1 

•2167 

- 

•2399 

•1627 




CONFJSCTIONKKy. 
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§ 74 .] 

Polarising instruments may be standardised by plates of quartz, accur- 
ately ground, of known thickness. The amount of right- or left-lianded 
rotation of J mm. quartz for [a]/, is 21 ‘67“, for [a],- is 24". 


CONPECTIONBRY, — SWEBTMMATB. 

§ 74. It would take many pages to describe tlic composition of the 
I various kinds of sweetmeats in commerce : the basis •f all is either cane 
ciT grape sugar, or honey, flavoured with appropriate essences, and coloured 
witli various colouring-niattera. A great many common sweetmeats have 
a n)ost definite composition, and it is evident tliat a deviation from the 
ordinary process of manufacture, if it should take the form of sub- 
stituting inferior articles for, or the addition of matters giving weight to, 
that which is ordinarily sold, would be an adulteration. As an example, 
‘peppermint lozenges,’ or ‘peppermint drops,’ are composed of albumen, 
cane sugar, and oil of peppermint. None of these ingredients have any 
aiiiount of mineral matter, and peppermint lozenges, when burnt, do not 
leave as much as *2 ])er cent, of ash. Since they are sold by weight it is 
easy to adulterate them by mineral substances; but such an addition 
would be most decidedly fraudulent, and the analyst may justly certify 
accordingly. 

A large proportion of the common sweets contain nothing else besides 
sugar, for the manufacturer, by careful heating, is able to impiirt a quite 
surprising scale of coloui*s, from the purest white to fawn colour, straw 
colour, reddish-brown, brown to almost a jot black, by this process alone. 

SuGAft-CANDY is simply crystals of sugar obtained in a particular w^ay, 
and is of all colours — from the white candy, largely Oised for the manu- 
facture of artificial champagne, to all shades of yellow and red. As 
usually manufixetured, the purified sugar solution is concentrated to a 
specific gravity of 1*420 to 1*450, and then run into copper cones, through 
which are passed a number of threads ; these cones are heated with warm 
air, and the ciystallisxitiou occupies as much as from eight to fourteen 
days. The composition of white candy, made from pure loaf-sugar, is as 


follows : — 

Per cent. 

Crystttlliaablfi sugar, 80*00 

Unciystallisablo sugar, Traces, 

Ash, 0*0 

Water, 20*00 


The coloured candies may contain some mineral matter, and a good 
deal of uucrystallisable sugar ; copper may, as an impurity, be present. 


Com^osiiion of Sv}eet'meaiB Cknerally, 

Toffy. — Toffy is made by melting sugar with butlp|C*. The latter sub- 
stance is readily extracted by ether and other fat solvents. 

The ice-coating of cakeB is composed of white sugar and albumen. 

Mttzzipan is made with sugar and almond paste. 

A great many swfets are acidulated with citric acid, and a few have 
cavities within them, 'Supposed to contain alcohol, but more often a little 
syrup. Gum tragacanth, eitric acid, fruit sugais chocolate, gelatin, albumen, 
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fatty and flavouring matters, with the following colouring-matters, make 
up the ingredients of the confectioner’s shop : — 

Red. — Cochineal, the juice of beet and of red berries, such as cherries, 
currants, and others. Rhodamiuc (French cream pink). Concentrated 
pink, wliich is a mixture of rosaniline hydrochlorate, with milk sugar, or 
starch. Fuchsinc. Ilhodites, which is the hydrochlorate of the phthalcin of 
di-ethyl-meta-amido-phenol. Cherry red, which is the sodium salt of tetra- 
iod-fluorescein. Ponceau red (Biebrich or crocein scarlet). 

Yellow. — SalFro?^, safflower, turmeric, marigold, Persian beiTies. Saffron 
yellow, which is the sodium salt of amido azo-benzene sulphonic acid. 
Primrose yellow (aummine). Imperial yellow (ammonium or sodium salt 
of hexa-nitro-di-phenylamine). Citron orange (sodium salt of xylene- 
sulphonic acid- azo-jS-najdithol). 

lilue and Violet, — Indigo, litmus, heliotrope (Hofmaiwi’s violet); also 
mixtures of Hofmann’s violet arc sold under the name of ‘ lavender ’ and 
‘damson blue.’ 

Green. — S])inach juice and mixtures of yellow colours with blue. 

Rlack . — Chinese ink, aniline blacks and browns.^ 


Analysis of Sweeimmts. 

§ 75. The analyst will naturally first turn his attention to the percent- 
age of sugar, and estimate the total amount in the usual way; and, if 
necessary, investigate by optical and chemical means, whether there is 
more than one kind of sugar present. The essential oils may be dissolved 
out by petroleum etlior, and identified by their odour; but the colouring- 
matter will, for the most part, be the chief substance necessary examine. 
If the colouring is only on the external surface, it is better to detach it by 
scraping or rasping than to powder the whole substance up, for if the 
colour is carefully detached as pure as possible, tests may sometimes be 
directly applied without any further trouble. The coloiu* by treatment 
with alcohol, with water, and with bleaching powder, is quieWy referred 
either to the organic or to the inorganic division of chemical substances. 
With regard to organic colours generally, the reader may consult the 
sections treating of ‘Colour,’ where full directions are given for their 
identification. If, however, the colour is apparently inorganic, then the 
following substances may bo particularly tested for : — 

Among BBD colours — iron ; 

„ YELLOWS — chromate of harmm^ and lead .com'pounds, arsenic and 

aniimmy ; 

„ OBBBN — arsenic^ co^jper; 

„ BLUE — P'i’ussian blue ; 

„ WHITE— stifp/iofe of barium, salts of zinc, 

A weighed portion of the scraped-oft’ colouring-matter is burned to an 
ash, which is dissolved in hydrochloric acid, and tested with hydric 
sulphide, after adding just sufficient soda to so neutralise the acid as to 
, leave only a sligh|y^oe88. Under these circumstances, lead, copper, or 
sine, if present, be precipitated ; while, if it is strongly acid, zinc 
would remain almost entirely in solution. Ammonium hydrosulphide is 
next added to the solution, which has been boiled and filtered from any 

* Some of the colours referred to are taken from Mr. Boseley's list of “Colouring 
Hatters used in Confectionei 7 .'*--^Api)endiz to Bejwrt of Departmental Oom^ttee on 
the use of Preservatives and Cpljuring- Matters, 1901, 



raoNsy. 



[53 


* precipitate ; this reagent will throw downi iron, manganese, etc. To test 
for chromium, it is best to boil the colouring-matter with a solution of 
carbonate of potassium, when potassic chromate will bo formed, which 
gives, in neutral solutions, a purplish precipitate with nitrate of silver. 
Barium is easily detected by fusing the ash with carbonate of soda, 
powdering the mass in a mortar, lixiviating with hot water, and treating 
the insoluble portion left with hydrochloric acid, and to the acid solution 
adding a little hydric sulphate; a heavy characteristic precipitate of 
barium sulphate is thrown down. If barium is present, it may exist with 
^evidences of chromium, in which case, in all probability, the colouring- 
matter was chromate of barium, or if the sweetmeat is not coloured by 
barium clirornate, baryta sulphate may have been added simply to give 
weight. Arsenic is tested for as more fully described poaty but a 
preliminaiy trc|,tment by Eeiusch’s tost will give evidence of presence 
or absence of arsenic or antimony. Copper is also best detected by 
electrolysis, the substance being placed in a platinum dish, acidified, and 
then a rod of zinc inserted ; or, the neater plan of connecting the dish 
itself with a battery may, where appliances are at hand, be preferred. 


Honey. 

§ 76. Commercial honey is the saccharine matter collected and stored 
by one particular species of bee {A%m mellifica); but the production of 
honey is by no means limited to the bee, for there is a honey-ant' in 
Mexico, which stores a nearly pure syrup of uncrystallised sugar. This is 
slightly acid in reaction, and reduces salts oi silver like formic acid.^ 

From determinations of the amount of saccharine matter in different 
flowers, it has been calculated that to make 1 kilogramme of honey, the 
bees must visit from 200,000 to 500,000 flowers. * 

A wasp of tropical Americji is said to yield a honey in which are found 
crystals of cane sugar, but the evidence as to this latter point is not 
decisive.® A curious sample of honey has been analysed by A, Villiers.^ 
It was derived from Ethiopia, and is the produce of an insect resembling 
a largo mosquito, which, like our wasp, makes its nest in cavities in the 
ground. It secretes no wax. The natives call the honey ‘fama,’ and 
asciibe to it medicinal virtues, especially using it ns a cure for sore throat. 
Its composition is as follows ; — 

Per cent 


Water 26 '5 

Fermentable sugai (levuloso with a sixth of glucose in excess), 82*0 

Maunite, 3*0 

Dextrin, 27*9 

Ash, 2*5 

Loss and nnestimated, 9*1 


The honey contained a non-nitrogenous bitter principle. 

TIlS essential constituent of honey ib a mixture of dextrose and 
levulose; it also contains mannite, wax, formic and other organic acids, 
pollen, not unfrequentjy alkaloidal and bitter principles from the plants, 

' The Mynueeoc^idm Mexicanus, There are two kinds of workers—one the active 
form, the other sedentary**-whioh produce the honey. The latter is the larger, and has 
a tumid abdomen; it never quits the nest The honey is discharged into pro|)er 
rooeptacles, and flrom it the Mexicans make a pleasant drinlL 

^H. Mamten, Pogg, Ann,, e,, 560. 

» G. M. Wetherell, Gaz,, 1868, 72. 

^ Cfmpt, Jimd.f Ixxxviii., 292, 298. 
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possibly derived from the poiloii, small quantities of cane sugar, of 
mineral matter, and iiiviu'iably minute quantities of alcohol. 

The properties of dextrose and levulose have been already described. 
The other saccharine constituent of honey — mannito, — crystallises 

in four-sided prisms, is soluble in 80 parts of alcohol of specific gravity 
0*898, and in 1400 parts of absolute alcohol ; in boiling alcohol it is more 
soluble, but in ether it is quite insoluble, and may bo precipitated from 
alcoholic solution by ether. It has no action on polarised light. Its molt- 
ing point is from 160' to 165” C. ,* at 200” C. it boils, and may be distilled, 
a portion being dccomfK)scd ; at higher temperatures it carbonises. It doQjS 
not reduce cuprous oxide. All thc.se properties readily distinguish it from 
the other sugars. Chemically speaking, maiinite is a hcxatomic alcohol. 
Mannite may be separated from honey by boiling a weighed quantity of 
the honey with alcohol, evaporating down the alcoholic extract to dryness, 
and boiling this extract with absolute alcohol, concentrating the alcohol 
solution, and precipitating with ether. 

Dr. Brown has published some analyses of lioney, in which the different 
sugars have been identilied ; the general results of six of his samples may 


be thus sbited : — 

Per ueut. 

WatftT (cxjielled at TOO"), 18*07 

Water expelled at a nmoh higher tcmporatiiro an l loss, , 7*99 

liovulosc, . 36 '22 

Dextrose, 87 '58 

Ash, ‘14 


100*00 

The chief results of twenty-five analyses made by Mr. Hehner#^ of honey 
believed to bo genuine, are as follows : — 



Mean of the twenty- 
live Bumples. 
Per cent. 

Maximum. 
Per cent. 

Minimum. 
Per cent. 

Moisture, 

. • » » . 

18*8 

23*04 

15 *09 

Glucose, 

. .... 

67*86 

76*34 

61*42 

Dilference, 
o ^ S 1 

' Glucose after fennenta- 

13*85 

19*17 

8*48 

S « 9 9 i 

1 tion, 

1 Total solids after for- 

1*24 

2*36 

nil. 

3 ( mentation, 

In five of the twenty-five samples, 
polarisation .... 

In one sample, polarisation . 

In one samifie very crystalline, . 
In the remaining eighteen, . 

6*04 

= + 1* 

= - 1* 

= -11* 

= ‘ 0 

7*67 

4*80 


Five samples which wore considered adulterated yielded the following 


Moisture, 17*64 18*68 21*23 18*90 21*26 

Glucose, 48*46 49*66 68*82 

Difference, . . . . 34*01 31*66 20*46 

Glucose after inversion, . . 48*33 48*77 

10 jwr cent, solution polarises . +60* +85* +16* +86“ +88" 

Glucose after fermentation, . 9*02 7*69 8*69. 6*98 6*16 

Total solids after fermentation, 81*46 26 *83 63*29 28*36 18*88 

Difference, .... 22*48 17*74 49*60 17*38 18 23 
10 percent, solution polarises 

after fermentation, , . +80* +28* + 7* +10" +10* 

' Analyst, April, 1884. 
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Dr. E. SiebcH ^ has published analyses tf sixty samples of honey which. ^ 
he believed to be perfectly genuine. The general results are as follows : — 


Moisture 

Mean. 

. ]9‘98 

Maximum. 

24-95 

Minimum. 

16*28 

Grape sugar, 

. 3471 ’ 

4471 

22-23 

Levulose, .... 

. 39-24 

49*25 

32*16 , 

107014; sugar, 

. 70*30 

79*57 

69-95 

Cane sugar, by bulling with acid, 

. 1*08“ 

8 22‘J 

0-00 

Total sugar, .... 

. 75-03 

81*74 

70*20 

Dry substance, 

. 80*03 

83*72 

76*06 

Substances other tiiaii sugar, 

. 5*02 

8-02 

1-29 


The chief adulteration of honey is tho addition of starch sugar in the 
form of syrup. Cane sugar may be also found, ^ and mineral adulterations 
are possible. 

Erast Beckmann (ZeiL /. ancdutisclie ChemtP.^ 1896, 263) has shown 
that if methyl alcohol bo added to pure honey solution, there is no separa- 
tion of dextrin bodies ; and it is probable that the dextrin which may be 
in natural honey is a different dextrin to that which is the result of the 
hydrolysis of starch by acids.® 

Ho has applied this fact to the testing of honey for the addition of 
glucose as follows : — 

To 5 c.c. of a 20 per cent, solution of honey are added 3 c.c. of a 2 per 
cent, hydrate baryta solution and then 17 c.c. of methyl alcohol. On shaking 
the mixture, pure honey remains clear or only slightly turbid. On the 
other hand, should the honey be adulterated with either glucose syrup or 
glucose there is a marked precipitate. 

The same author has attempted to found a quantitative process on the 
weight of the compound of dextrin and baryta separated, but this latter 
process abounds with too many errors to be useful to tho food analyst. It 
may happen that from the presence of phosphates and sulphates baryta 
gives a preci[)itate alone. 

In this case these must first be separated. 

Mr. Hehner determines the moisture at lOO^C. The glucose is estimated 
by Fehling’s solution — both before and after inversion ; the inversion id 
produced by heating with 10 per cent, of hydrochloric acid to about 70*. 
The rotatory power of a 10 per cent, solution is determined both before 
and after fermentation.^ The fermentation is produced in a 10 per cent, 
solution by the addition of a little yeast, the vessel being kept in an in- 
cubator at 30”C. for from five to six days ; this operation might be made 
more speedy by fermenting in a vacuum with plenty of yeast, as suggested 
by Boussingault. After fermentation, the solid matter is determined and 
subtracted from the percentage of glucose left unfermented. The pro- 
poi*tion of unfermentable matter should be no larger than would be 
yielded by a pure glucose solution after fermentation, viz., about 5 per 
cent. 

A pure honey has the following characters : — The moisture does not 

1 “Ueber die Zuaammensetzung des Starkezuokersyrups, dea Honigs, ii. iiber die 
Verfalschungen dea letzereft.” Zeitschr^ der Ruhmmker 1884, 887. 

* Although cane sugar is not an ordinary constituent of honey, it may be found in > 
the honey of bees which live near cane sugar factories or which have fed on cane sugar, . 
even up to 7 or 8 per cent. 

* He considers it to be a disacoharide. Honey dextrin has much resemblance to gallisin. . ; 

* The honey derived from ftowers turns a ray of light to the left, that from conifers 'i 
to the right ; it is obvious that honey derived from both species of plants may either ' 

^ have no influence on light, or deviate right or left, aocoi^^ to droumstanees. 

Ck 1 



XI.-^oMK Adulterated Samples of Honey Analysed by E. Sieben. 
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1 

rH 
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Grape sugar found 
after destruction 
of levulose by hy- 
drochloric acid. 
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according to estimation 
by Kehllng and Saouluio 
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from the t-ano sugar. 
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Substances other than sugar. 

, 0® 

1 

p.c. 

2 '31 

1-85 

12-46 

40-00 

23- 69 

24- 02 

57-13 

27-97 

Dry substance 


p.c. 

79-15 

63-52 

81-46 

81- 36 

82- 19 

80-06 

81-88 

80-27 

Water. 

Total sugar. Columns 1 + 2 + *• 
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exceed 23 per cent. The percentage of glifcose before and after inversion ^ 
is about the same. The unfermontable matter should not exceed 8 per 
cent. The polarising power of a 10 per cent, solution, both before and 
after fermentation, should bo very small or nil. 

There should be only a slight precipitate with either alcohol or baric . 
chloride. The ash always contains from *01 to *035 per cent, of PgO^. 
The ash from honey made from glucose larger quantities. The ash of pure 
honey is always alkaline, that made from glucose neutral. 

There is an artiheial honey in the market, sold as such, that consists of 
(^extrose and levulose, and, according to Hohner, can only be distinguished 
from genuine honey by the entire absence of phosphoric acid from the ash.^ 

A curiosity of food is a commercial American artificial honey, which is 
entirely composed of glucose syrup, while the comb is also artificial, and 
made of paraffiik The appearance of both comb and syrup is said to be 
superior to that of natural honey. It is not probable that this artificial 
honey will be met with ; if there should be any suspicion that the comb is 
artificial, the presence or absence of paraffin is easily ascertained. Pure 
bees’* wax melts at 62'’ to 65 °C. Its specific gravity is *962 ; it contains 
cerotic acid, myricine, as well as ceroleine; and, like other fatty matters, 
it is attacked and blackened by warm sulphuric acid. Paraffin, on the 
contrary, remains unacted upon, so that this test alone will suffice either 
to detect paraffin when pure, or to separate it from other matters, such as 
waxes and fats, which are carbonijted by sulphuric acid. 

^77. Treadet Golden Syrup ^ MoloHses . — The above-named syrups areby- 
producte of the sugar industry, and all should consist essentially of sucrose 
wid the common adulterant being glucose syrup. Con- 

devoted of late years to this form of adulter- 
awn on account mainly of the possibility of arsenical contamination by 
urseaical glucose. 

Tlie composition of a genuine sample of ordinary treacle is as 
follows 2 : — 

per cent. 


Cane sugar, . * 44'80 

Levulose, 5*80 

Dextrose, 7*12 

Ash, 8*21 

Water, 28*20 

Matters unaccounted for, 6*87 


Genuine syrups of this class on inversion turn the plane of polarisation 
to tlie left, and when treated by Beckman’s test (see p. 125) give no indica- 
tions of dextrin. 

On the other hand, samples adulterated with glucose syrup give a 
decided dextrin reaction, and on inversion the polarisation is still to the 
right, for glucose syrup is not sensibly affected by methods of inversion. 
For example, the brands known as Crossfield’s mid Lyle’s golden syrup, when 
pur^ give the following polarimetric readings for (a)/, : — 

. Before Inversion. After Inversion. 

Crossfield’s at 17*5", . , . + 24*21 - 1 1*07 

Lyle’s at 17-6*, .... +14*53 -13*83 

A simple method of analysis is given by E. W, T. Jones.* 

• Analyit, Deo. *1386 (Wohl ft Kollreps’ Oennsn patent 67868). 

• C. I. Matthews and A Hyde Parker, Analyatf xxv., 90, 

• Analystt xxv.. ^ 
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Mr. Jones makes a 10 per* cent, solution at 15*5“, and takes the sp. 
gravity ; on dividing the gravity, minus 1 000 by 4, an approximation to 
the amount of water is obtained; tlius a sp. gravity of 1032 would show 
80 per cent, of water. 

The polarimetric value of the liquid is obtained before and after 
inversion. The following forraiila is then used for calculating the amount of 
glucose syrup, provided the syrup shows dextro-rotation after inversion : — 

after ii ~n + n)_100 ^ 

Another simple method of calculating is given by Bernard Dycr.^ He 
assumes the specific rotatory power of glucose syrup to be («)/> 113 0“ and 
the K value 4*2. 

He polarises at 20“C. both before and after inversion, rfnd calculates the 
percentage of glucose syrup by the following formula, in which 11 stands 
for the specific roto^tory power at 20“ 0. of the nnin verted sample. 

S stands for the + rotation of sucrose present and K. for the copper 
reducing power : — 

T, , - , 0*206K + (R-S) 

Per cent, of glucose synip =» i-nrrV 

1*217 

The inversion of a 10 per cent, solution of syrup is best performed by inver- 
tase, or, if no invertase is at hand, a gramme of pressed yeast is added to 50 
c.o. of the solution, and kept at 52“ C. for five hours, then boiled to destroy 
bi-rotation ; on cooling, it is made up to the original volume and examined 
polarimetrically. A more elaborate method of analysis, in which practically 
all Bxibstances are determined quantitatively, is as follows : — ‘ 

Total SoHiU. — Make up a 10 j)er cent, solution at 15‘5"C., and take 
the sp. gravity. 

Determine the weight of mineral matter in, say, five grms. of the 
original syrup, shake up the ash with 100 c.c. of water, and take the sp. 
gravity; subtract the sp. gravity thus found for an equivalent amount 
yielded by a 10 per cent, solution from the original sp. gravity, and then 
make use of the usual divisor 3*86, which gives carbo-hydrates. For 
example, a 10 per cent, solution had a sp. gravity of 1032 ; five grms. 
of the original substance yielded 0*37 per cent, ash, which, when shaken 
up with 100 c.o. of water, gave a solution of 1003 sp. gravity. We have, 
therefore, 

Sp. gravity of 10 per cent, solution* 1032. 

Sp. gravity of a solution of ash from 10 grms. = 1006, which on sub- 
traction leaves 26 ; this multiplied by 10 and divided by 3*86 equals 67*3 
per cent, carbo-hydrates. The ash is 7*4 per cent., which gives total 
solids 74*7 per cent, and water 25*3 per cent. The cane sugar is obtained 
from the polarimetric readings before and after inversion. 

Cupric Redwing Power, — The 10 per cent, solution iadiluted to double its 
volume, and the cupric reducing power of 2 c.o,, which is equivalent to 100 
milligrms. of the original syrup, is ascertained by Fehling’s solution (see 
method at page 111). 

The weight of CuO, multiplied by 1000 and divided by the mean cupric 
reducing power of 1 grm. of invert sugar (2*36), equals r^ucing sugars. 

Estimalion of Mattere Disappearing during Fermentation, --k few grms. 
of pressed yeast are added to 100 c.o. of the ten per cent, solution and kept 
J Awdvti, XXV.. M. " 
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at 18* for from three to five days, until all fermentation hafe ceased. After 
evaporating off the alcohol, the alcohol-free extract is made up to the original 
bulk and the specific gravity determined and also a polarimotric reading taken. 

I’ure samples show no optical activity after fermentation ; samples in 
which dextrin is present show an optical activity in proportion to the un- 
destroyed dextrin, fermentation always hydrolysing a portion of the dextrin. 

From the original specific gravity, the extract specific gravity is sub- 
tracted j this figure multiplied by 10 and divided by 3‘86 gives the per cent. 
^ of sugar which has disappeared during fermentation. 

The cane sugar found by optical activity before and after inversion 
aSded to the reducing sugars found by the cupric estimation should about 
equal the sugar which has disappeared during fermentation, but on making 
a copper estimation after fermentation there is genemlly found some 
reduction due tp unfermented dextrose and levulose. The CuO found 
xby 1000 and divided by 2*36 (1 grm. of invert sugar = 2'36 grms. of 
CuO) equals the })ercentage of unfermented reducing sugars. The per- 
centage of levulose and dextrose is estimated in the following way ; — 

l^ct at = per cent, of dextrose ; jy^per cent, of levulose, 
then x + y — total sugars, 
and 52*8 x - 95 ’65 y = 0, 

the diflforence between the two, of course, equalling the levulose. 

The total reducing sugars are found by subtracting the optical activity 
due to cane sugar from the optical activity of the original solution and 
taking ipto account the cupric reducing power. 

Efitiikiiion of Maltose and Dextrin . — It has been already stated that 
after complete fermentation there should be no rotation in a sample which 
has not been adulterated with glucose syrup; if there is a^dextro-rotation, 
it will be due to dextrin or to dextrin in combination with maltose. In 
order to ascertain this, the liquid which ha.s been fermented and deprived 
of alcohol by evaporation is submitted to the action of malt extract or 
diastase. The malt extract is conveniently prepared as follows : — 

100 grms. of pale malt are digested with 250 c.c. of water and allowed 
to stand in the cold for twelve hours ; the liquid is then filtered and the fil- 
trate used. 

The specific gravity of this filtmte is taken ; it is also examined optically 
and its K value ascertained by a copper estimation. An aliquot part (2-3 
c.c.) is then added to the alcohol-free extract as above, and the whole kept 
at 50" for five hours. Any reducing sugars set free by the diastase will 
now be shown by an increased cupric nducing power. Therefore, a copper 
estimation is made on an aliquot portion, the result being, of course, cor 
rected by subtracting any reduction due to the malt extract added.^ T( 
another portion some yeast is added, and the liquid kept at a fermentatioi 
temperrture for some days. If fermentation trkes place and the fermentec 
liquid after evaporating oflf the alcohol shows no reducing power whei 
treated with Fehling, it may be with confidence presumed that the reduo 
tion before fermentation was due to maltose alone ; and from the reductioi 
or optical activity or both the percentage of maltose and dextrin may b< 
calculated. 

1 If more than 2-8 o.c. of the malt extract is added, the specific gravity, the opticity, 
and the K value of this extraet must he obtained after heating to 50” under the sami 
oonditions as the mixture. 
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To show the mode of calculation, an example may be taken from Brown 
and Heron’s paper (“History of Starch, and its Transformations,” Vowm. 
Ghem. Soc.j 1879). 

A starch corjversion by cold malt extract gave the following values— 
(ti)^' 3 -ga + 163*3 and K3.gj;48‘8. 

(1.) Determination of the proj)ortion of maltose and dextrin simply by 
the optical properties. 

We have the optical activity of dextrin + 216, of maltose + 160", 
difference 66. 

Then 

66 

therefore the mixture consisted of 

Maltose, 79 9 

Dextrin, . , , . *• . 20*1 


1000 

(2.) Determination from the reduction. 

The reduction is simply due to maltose, aud taking k..8o as 61 


48*8 X 100 
61 


80*0 


therefore tho mixture consisted of 
Maltose, 
Dextrin, 


This should give the following opticity : — 
Maltose, 

Dextrin, 


80*0 

20*0 


mo 


150 X 80 
lOO" 
216 x^ 
~ 100 


= 120 


= 43*2 


Total, • . . . 163*2 

which is practically identical with the observed opticity, viz., {a)j 163*3". 

Some analyses of adulterated treacle have been published by Mr. 
Chapman as follows : — 

TABLK XII. 



BO.,. 

^0. 2. 

No. 3. 

No. 4 . 

Cane sugar, , • . . 

20 -68 

26*10 

27*40 

4-10 

Invert sugar, .... 

10-80 

12*00 

23-60 


Dextrose, .... 

0 10 

2-2-00 

11*40 

31*70 

Maltose 

25*40 

■40 

7*50 

Dextrin, ..... 

I2*».'» 

8*98 

2-50 

34*30 

Asli, 

1-82 

5*20 

7*24 

1*10 

Water, 

19*08 

20-50 

22-69 

21*30 

Undetermined, 

3-22 

4 82 

Sl7 


1 100 

100 

100 . 

100 

Optical activity [a]i>, . . 

> 

+77-8' 

+46'2* 

+ 24*6“ 

+|8'01" 

- 



It often happens in the oxaminatiorf of treacle, jams, and similar 
products that, after treatment with malt extract, the sugar produced is 
only partly or not at all destroyed by fermentation. This points to the 
setting free of a polysaccharide, which is unfermentable. Some chemists, 
however, ascribe this circumstance to ‘galli8in,'a dextrin-like unfermont- 
able body, which has not been obtained pure. The probable opticity of 
gallisin is (rt) 2 , + 84“ and K absolute 41. 

Treacle, golden syrup, and molasses should, as a matter of routine, be 
examined for ’arsenical contamination by the method described post (see 
Index). 


Jam. 

§78. Jam consists of various species of fruit preserved by boiling in 
strong syrup, fdost jams arc very readily adulterated, since any tasteless 
vegetable tissue, such as vegetable marrow, turnips, etc., when mixed in 
jam, cannot be readily detected by the palate. The chemical composition 
of the various jams is simply the chemical composition of the fruit juice 
and fruit itself, with the loss of a few volatile constituents and the 
addition of cane sugar. The latter may be in part inverted by the action 
of the organic acids or ferments so constantly found in fruit. A large 
proportion of jams and marmalade are preserved by antiseptics, more 
especially by salicylic acid (a common proportion is 3 grains to the lb.) ; 
to not a few glucose syrup is added. The carbo-hydrates in jams and 
marmalade are determined on precisely the same lines as the carbo-hydrates 
in treacle. Arsenic will also have to be tested for, as described post (see 
Index). Jhe detection of other adulterations in jam are mainly microscopic ; 
but, at the same time, in many cases a careful observation of the absorption- 
spectrum will assist the diagnosis. In order to carry out^this successfully, 
in addition to the precautions before described, it will be safest in all oases 
to use comparison liquids ; and those who devote themselves to this study 
should have at hand a variety of genuine jams of different ages. The mean 
composition of the more common kinds of fruits is detailed in the following 
table [K&nig \ : — 

TABLE XIII.— 100 Pakts op the Seed Feuit. 



Water. 

Hltrogcnoos 

aubitances. 

Free 

acid. 

Sugar. 

other non- 
nltrournouB 
matters. 

Woody 
fibre, eta 

Adi. 

Apple, 


83-58 

0*89 

0*84 

778 

6*17 

1-98 


Poar, 


88-03 

0*86 

0-20 

8*26 

8*54 



Plum, 


81 18 

0*78 

0-85 

616 

4 92 

6*41 

0*71 

I*nine, 


84-86 

0-40 

1*60 

8*66 

4*68 

4*34 

msm 

Peaches, . 



0*66 

0*92 

4*48 

7-17 

6*06 

0*69 

Apric -ts, . 


81-22 

0*49 

1*16 

4*69 

6*86 

6*27 

0-82 

OheTri'«, . 


80*26 

0-62 

0*91 

10*24 

1*17 

e*07 

0*73 

Grapes, . 


7817 

0-69 

0*79 

24-86 

1*96 

8*60 

0*68 

Strawberry, 


87-66 

1*07 

0-98 

6-28 

0*48 


0*81 

Raspberry, 


86*21 

0*68 

1*88 

8-96 

]*54 

HSUS 

0*49 

Bilberry, , 


78*86 

■ 0*78 

1*66 

6-02 

0*87 

12*29 

1*02 

Blackberry, 


86-41 

0*51 

119 

4*44 

1-76 

6-21 

0*48 

MuU>erry, 


84*71 

0*86 

1-86 

919 

2*81 


0*66 

Gooseberry, 


86*74 

0*47 

1*42 

7*08 

1-40 

8*62 

0*42 

Currant, . 


8477. 

. 0*51 

216 

6*88 

a. 

0*90 

4*67 

0*72 r 
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Brie/ Notes of the Microscopical Strudure of Certain. Fruits. 

§ 79. Apples and Pears . — Both apples and pears contain numerous 
dotted ducts and spiral vessels. There is no very distinctive peculiarity 
about these ducts, hut in the core will be found a strong horny membrane 
with spiculated cells, crossing one another at right angles, forming 
altogether a very singular tissue, and one which, once seen, can always be 
recognised. 

Damson . — The skin of the damson is composed of at least two distinct i 
species of cells underlying the transjmrent epidermis. One kind is ,a 
double row of reddish-purple oblong or oval cells, having, when seen in 
section, an average length of *00232 inch, and an average breadth of about 
*000928 inch ; seen from above (as in tearing oft’ a shred of the tissue) 
they form a beautiful five- and six-sided mosaic pattern, tho size of the cells 
being from about 000928 to 00116 inch. The blue cells are veiy similar 
in shape and size to the reddish-purple ; below the blue there are some 
loose cells containing chlorophyll. Hence the beautiful colour of the 
damson is the combined effect of the blue, the red, and the green shining 

through the transparent epidermis. 
The pulp contains the usual largo 
colourless globes or cells, of ‘0116 
inch average diameter (7;, fig. 21). 
Spiral vessels are numerous, stomata 
are occasionally to be seen on the 
surface of the dark-coloured epi- 
dermis. The breadth or thickness 
of the skin is *00814 iuchV By the 
use of bleaching powder, a small 
portion of the skin may be deprived 
of its colour, either partially or 
wholly, according to the judgment 
of the operator, and then will be 
seen a mapping out of the whole 
surface into lobes by cells so placed that they form a network. 

Plum . — There are at least three distinct structures to be seen in the 
boiled and preserved plum; — 1. The epidermis, consisting for the most 
part of a pavement-like layer of little square or irregularly oblong cells, 
filled with a granular matter (r, fig. 22), the size of the cells averaging 
from about *000696 to *00116 inch ; the general distribution of these cells 
is somewhat circular. Scattered tolerably uniformly are patches of a 
deeper colour, with larger cells, the patches being irregularly circular, and 
the centre of the patch an empty space, which possibly is a much defonned 
stoma. The pulp consists of the very common large globular cells (a, fig. 
22), of about *12 to *14 inch diameter, almost perfectly transparent, with a . 
slirivelled mass within. Lastly, there are some beautiful liaassea of com- • 
Ijound cells, varying in size from *016 to *48 inch (ft, 6, fig. 22), the length 
usually being from one and a half to three times the breadth. These com- 
pounds are either prismatic in shape or oval, while a few resemble long 
tubes. The number of cells thus bound together is iery variable, since 
from seven up to twenty-seven may be counted on one side. The little 
cellular members of the composite are live-sided cells of an average length 
of *06 inch. 

Orangei^Lenvm ; Marmalade- is made by preserving ’ 




?lo. 21.- 


a, Ej)idBrmis of damson ; &, pulp 
cells, xll5. 





sliced up oranges or lemons, or both combftiea, in a strong syrup. Urange. 
marmalade is properly made from Seville oranges only, lemon marmalade 
from lemons only. It is not practicable to distinguish by the microscopic 
structure alone whether the substance is orange or lemon, or to what 
species the orange or the lemon belongs. It is, however, most easy in 
marmalades to recognise substances foreign to marmalade, because the 
structure of the vegetable tissues used is very distinctive. Good marmalade 
is wholly composed of line sections of the fruit : on selecting the thinnest 
of these sections, or (what amounts to the same thing) cutting and prepar- 
ing a section, there will be three structures to notice. It will be observed 
that the colour layer is very thin, and composed of layers of yellow cells 
(a, fig. 23), many filled with oil, and here and there large cavities, covered 
with a thin transparent epidermal layer. The size of the cells is small, 
about *000147 inch in diameter. Beneath the yellow layer there is a deep 
layer of colourless cells, traversed by a network of bundles of vessels, each 
bundle consisting of a dozen or more spiral vessels, of small diameter, in 
the midst of the ordinary elongated fibre-like cells. In this layer are laige 




Fig. 28. — Section of rind o 
orange, x20. a, Layer o 
yellow cells ; ft, inner whit 
cortex, showing a cavity anc 
vascular twigs. 


cavities, *0415 inch diameter or more, and around these cavities the cell* 
are applied in concentric layers. The pulp of the orange presents a 
number of soft and thin-walled cells without any very distinctive peou 
liarity. Large spirals, large oval cells and structures, dissimilar to the 
above, will be suspicious signs, and >vill denote adulteration. 

The Straioherrj/ may be readily distinguished under the microscope by 
the great number of very small seeds which are scattered on the exterioi 
of the fruit. These seeds are pyriform and very regular in size, being 
about *038 inch wide at the broadest end, and *07 inch in length. The 
coat of the seed is almost smooth ; under a high magnifying power, it ihay, 
however, be seen to be’slightly tuberculated. Each seed is attached to the 
central part of the fruit by means of a vascular bundle formed of delicate 
fibres and spiral vessels ; and the consequence of this structure is, that the 
strawberry is full of spiral vessels, all of minute size and very transparent 
The cells soon when jam is examined are, for the most part, collapsed and 
shrivelled; those that 'are not so are large oval or pyriform cells, often 
ooutaining shrivelled cell oontente. Common faeasurements of these cells 
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1. . ire ‘008 inch small diameter, *0176 inch long diameter for the oval tsells, 
. and for the pyriform *0136 inch broad end, ‘0184 long diameter. 

A general analysis of strawberries has been published by J. M. H. 


Munro. {Chem. 1., 227.) 

For cent. 

Water, $9-30 

Oiganic matter, . . 10‘27 

Ash, *43 

The ash contained — Caleium pliospliate, ..... 22 ‘Ol 

Potassium carbonate, 60*77 

Magnesia, 2*93 

Soda, 1*29 

Sul })huric anhydride, 3*88 

Sand and insoluble matter, 6*61 

Undetermined, *61 


The liaftpherry has its seeds reticulated, and in most jams the form of 
the fruit is preserved quite sufficiently for recognition. 

The (rooneheri'y has an epidermis in which can be seen a mosaic pave- 
ment of cells, and the fruit also possesses clavate hairs. 



Fio. 24. — a, I*ulp cells of straw- 
beiry, x 116; b, strawberry 
seed, x20. 



Fifl. 25.-- a A slired of epidermis, show- 
ing tlie sinuous markings in one 
portion, and tlio uuder layer of cells 
in another ; 6, the compound bodies, 
xll6. 


The lUackberry . — The seeds are reticulated, and the cuticle covered with 
stellate hairs. 

V?iirani8 . — Both the black and the red currant are similar in structure : 
the epidermis is covered with an excessively thin membrane, showing sinu- 
ouB wavy divisions, and set with simple hairs. Beneath the outer membrane 
the colour layers, consisting of little square masses with rounded angles 
f ^ 00039 inch diameter (a, fig. 25). The pulp is mode up 

of in-walled cells, and, lastly, here and there may be found peculiar 
comjwui^^j bodies, 5, attached to the inner layer of the epidermis, ^-^hese 
are about -0058 inch in length and ’0015 inch in breadth, » and ^ %^ed 
of a number\nf oblong cells. So far as known, these bodies are foiiQd only 
the currant^v 

^ ^ Saccharin. 

Tills is tlie pqjular given to a ciystalline substance discovered by t’ablUerg and 
Romsen {De^. C/tem, OeiKser^.. xit, 469-678) in 1879. It was first obtained by Idle 
oxidation of orthotolueae 8hfl;;|pbonamide by jarmanganate ; its formula is CVUgOsSN, 
and it has been n^ed anhydro^^^iai^ 1 ^ 0*04 
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shoTtoT, Benzoic snlphimide— it is in the form ofewhite crystals, soluble in hot water, 
alcohol, and ether. It melts at 220°, and can be subliinod without undergoing decom* 
position ; it forma cryatallino compounds, with the alkalies and alkaline earths ; on 
eva|)oraling an aqueous solution strongly acidified with HCl, almost to dryness, it is 
transformcS into ortho-sulpho-benzoic acid. It is so intensely sweet that 1 ^lart in 
10,000 of water is very jioi'ceptible ; the sweetness is like that of sugar, but with a 
peculiar Ilavonr. The substance is used in commerce, and the analyst will look for it 
in all sweet manufactured liquids, such as lemonades, temperance drinks, and liqueurs j 
it is said also to bo added to sugar itself, to increase its sweetening power. It is not 
poisonous, but, on the other hand, it has no nutiitive powers ; it is said to pass through 
the kidneys unchanged. A general method of detecting saccharin is to shako liquids, 
after feebly acidifying, with ether ; to sejiarate the ether and evaprate to dryness. The 
dihereal extract obtained in this way, if saccharin be present, will taste extremely sweet, 
and if the residue is gently fused in a platinum dish with six times its weight of pure 
sodic carbonate and potassic nitrate, Uio sulphur will be oxidised into sulphate, and 
tlie fused mass will, when dissolved and the solution acidified with HCl, give a precipitate 
with baric chlorid^ 

Saccharin fuse* gently with potash is converted into salicylic acid, and, therefore, 
with fenic chloride strikes a violet colour. 

Solids, such as sugar, are also treated with other, and the ethereal extract examined 
as before ; but if the solid has an alkaline reaction, it is best first to extract with hot 
water, acidify the aqueous solution, and shako out with ether. 

Fatty substances or liquids must first be freed from fat, by treatment with light 
petroleum. A quantitative estimation is most accurately made by oxidation of the 
sulphur by fusion and precipitating the sulphate with barium chloride— 1 i>art of barium 
sulphate equals *786 of saccharin. ^ , 

Saccharin treated with NH4 in the cold and the excess of ammonia got rid off by 
evaporation forms the compound C8H4GO,S02NaH4 ; on treating this with alkaline 
bixjraide, nitrogen is evolved. The number of c.c. of N divided by 0 ‘ 89 — saccharin in 
ceiitignns. (H. Defoumel, J. PkamUt 1901 [vi.], xiii., 612 ). 

Duloine or Sucrol (Phenetol carbamide) >08114, OC2H5 is also used for 

Bweeteninypurposes ; it may be extracted from liquids by ethylacetate. 


Starch, ♦ 

§ 80. It is convenient to consider the starches together, more especially 
as, however varied in form, the chemical composition of all starch is very 
similar, if not identical. 

Every starch corpuscle is composed of at least two probably isomeric 
bodies, the one * gi'antdoaej soluble in saliva, and coloured blue by iodine j 
the other coloured by iodine pale yellow, and only becoming blue after 
the addition of sulphuric acid ; it is fully soluble in ammoniacal oxide of 
copper, and appears to agree very closely with the characters of cellulose. 

These two substances may be most readily separated by diluted chromic 
acid, which dissolves granulose very easily, whilst cellulose remains un- 
altered. All starch is very hygroscopic : wheat starch, dried in a vacuum, 
still contains 11 per cent of water, and air-dried from 16 to 28 per oent^ 
of water. Starch is insoluble in cold water or spirit. Some chemists, 
indei'd, assert that if finely powdered in agate mortars, or with quarts 
sand, a small portion dissolves ; others contend that this is no true solution, 
but the starchy matter in a state of most minute division. If warmed 
with water, the starch granules swell, and when heated up to 100* most 
starches fonn a semi-tolution in water. True compounds of starch with 
bases are scarcely established. Lime and baryta appear to form weak 

^ Brown k Millar {Joum, Chem, 80c, 1 1899 , S 81 ), consider that soluble starch has 
a molecular weight d 82 , 400 , .and is formed by the oombination of moltan and dextrin 

groups. ^ ^ 

® ^ ' iUltan group. 


an 


Dextrin ^up. 
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unioiit}, and the intense colour produced by iodine, as well as bromine, 
seems to point to the formation of haloid combinations. Fritsche, indeed, 
states that he has isolated tiie iodide and the bromide of starch, the former 
containing ten ef^uivaleTits of starch and one of iodine. 

Standi heated in closed tulies up to 100° C. changes gradually into 
soluble starch. If the temperature is raised up to 160“ or 200“ C., it forms 
a transiMuent mass consisting wholly of dextrin. At 220“ to 280“ C. still 
furthei- cliaiige is produced, and the result is pymlextrin, a substance 
easily soluble in water (but insoluble in absolute alcohol and ether), and 
with the composition of Q|glI.„.Og(.HO. At still higher temperatures there 
is carbonisation, and the formation of products similar to those caused by 
the doconijiosition of sugar. 

Starch is (‘a.sily changed into sugar by the action of dilute mineral 
acids, us well as by oxalic acid, aqueous chloride of zinc, and by certain 
ferments — diastase, saliva, yeast, etc. 

The estimation of starch in organic bodies is always based on hydro- 
lysiiig the starch and converting it into either a reducing sugar, and 
dextrin, or the hydrolysis is carried farther, and the dextrin also converted 
into sugar. This conversion is done in various ways. 1 to 1*3 grms. 
in 40-50 0 , 0 . of *2 per cent, sulphuric acid for eight hours may bo heated 
in closed tubes or flasks in a glycerin bath to 108“ or 110* C. ; or the 
substance, in some instances, may be heated in ordinary flasks in the 
water-bath, with a 2 per cent, solution of hydrochloric acid, for many 
hours until it ceases to give a starch reaction with iodine. 

An excellent general method has been proposed by Dragendorff; — 2 
to 3 grms. of the powdered and dried substance are heated, with 25 to 30 
c.c. of a 5 per cent, solution of potash in absolute alcohol, for frorn^feighteen 
to twenty-four hours in the "water-bath, filtered hot, through a weighed 
tti^fr’be filter; the residue on the filter is washed first with hot 
absolute and then with cold ordinary alcohol, and lastly with water — the 
residue is now dried at 110* C, and w’eighed; the loss of weight corresponds 
to the albuminoid matters, the fal^ the sugar, and the soluble salts, which 
have been removed by the alcoholic potash, the alcohol, and the water. 
The filter and its contents are now divided finely by scissors, and boiled 
with 5 per cent, hydrochloric acid until a blue colour is no longer struck 
with iodine, the liquid is then filtered through a weighed filter, and the 
residue washed, dried, and weighed — the difference between the weights 
of Nos. 1 and 2 gives very nearly the starch. Tliis weight may, of course, 
be controlled by estimating the glucose by Fehling solution. 

A general method for the estimation of starch in flours has been worked 
out by C. O’Sullivan {Joum, ClieTn, Soe,, Jan. 1, 1884, No. ccliv., 2-10); 

. its principle is the freeing of the finely divided substance from fat, 
albuminoids, and amylans by suitable solvents, and then transforming 
the starch by the action of diastase into maltose and dextrin, the propor- 
tions of which are estimated by the Failing solution and by the polariscope. . 

1 . Preparation of the Diastase. 

2 to 3 kilos, of finely-ground pale barley malt are steeped in water just 
,. sufficient to cover the whole. After standing several hours it is filtered 
, by means of a filter press ; and, if not clear, by passing it also through an 
ordinary filter. The diastase is now precipitated by alcohol sp. gr. *83, 

; the alcohol being added |o long as the precipitate is flocdulenti- but g 
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discontinued when a milky or opalescenti appearance commences. The . ^ 
diastase is washed with alcohol (‘86-*88), dehydrated with absolute alcohol, 
and dried in vacuo over sulphuric acid. Diastase thus prepared is a white, ' 
dry, friable, soluble powder retaining its activity for a long time.^ 

Freeing ike Flour from Fattg Mafirrft.—6 grins, of the flour are first 
saturated with alcohol sp. gr. *82, and from 20 to 28 c.c. of etlier added. ' 
The flask containing tlie mixture is set aside for a few hours, and the 
whole is then filtered ; the residue being washed with ether. 


2, Removal of Sugors^ Allmminoids oilier than Casein^ and Matters 
soluble in Wealc Alcohol. 

To the flour now fat free, 80 or 90 c.c. of alcohol sp. gr. *90 are added, 
and the inixtuA kept at 35“ to 38“ C., with occasional shaking, for a few 
hours. The alcoholic solution is then passed through the same filter 
which has been used for tlie ‘ether’ operation, and the residue washed 
by decantation with the same strength alcohol, and at the same tempera- 
ture. 


3. SdtiHon of the Aimjlans. 

The flour which has been treated with alcohol and ether is now sub-, 
cnitted to the action of water; the flour is digested with half a litre of 
water, and decanted through a filter at the end of twenty-four hours ; it 
is then repeatedly washed with water at 35“ to 38“ C. 

This part of the operation is tedious, for the filtration is sometimes 
very slow. 

4, Conversion of the Starch, 

The residue is finally transferred to a beaker, and boiled for a few 
minutes in 40 or 45 o.c. of water with constant stirring — it is then cooled 
to 62“ or 63“ C., and *021 to *038 grm. diastase, dissolved in a few cubic 
centimetres of water or a few cubic centimetres of normal malt extract 
added. In a very short time the solution ceases to give a starch 
reaction with iodine, but it is best to maintain the digestion for an hour, 
because filtration is then easier. At the end of that time the contents of 
the beaker are boiled for eight or ten minutes, thrown on to a filter, and 
the filtrate received into a 100 c.c, measuring flask. The residue is care* 
fully washed with small quantities of boiling water at a time. When the 
flask is nearly full, its contents are cooled down to 15“ *5 C., and made up tc 
100 C.C. with water at that temperature. Should the filtrate exceed IOC 
C.C., it is to be concentrated to the proper quantity. The specific gravity 
of the solution is now taken; its optical activity is determined, and its 
redurmg power on copper solution estimated by boiling with Fehling. 

The (mtioal activity of maltose, according to Brown and Heron, is [a] 
150“ and K 3 .jg 61*0. That of dextrin [alg 216“. The principles of calculating 
dextrin and maltose from the optical and copper values of a mixture have 
been already detailed. An example from Mr. O’Sullivan’s paper will make 
the above clear. 

5 gnus, of barley flour, treated as above, gave as the ultimate result 

1 Instead of diastase, ;what is called noimal malt extract, made by steeping 100 gnna 
of finely divided pale malt in 250 ao. of water for twely|houis and filtering, may be used^ 



100 C.C, solution having a 8p.gr. = 1*01003 == 2*539 grms. solid matter. 
9*178 grms. of this solution reduced *241 cupric oxide, and a layer of ii 
,200 mm. in length, gave a deviation with the Soleil-Ventzke-SohcibloL 
saocharimeter = 21*1 div. 

From these data we have : — 

0*241 X 0*7260 (K of maltose 62*6) = •l748 grm. 

maltose in 9*178 grins, solution. 

The weight of 100 o.o. solution is from the sp. gravity 101*003 grms. 
hence, percentage of maltose 9*178: 101*003: : *1748 ~ 1*923. Then— 

1*923 X 8 ‘02 = 16*422 optical activity of the maltose, 

21 ‘1 - 16*422 = 6*678 optical activity of the dextrin, 

and 

6*678 -r 11*66 = ‘491 the dextrin in 100 c.c. solutiofi. 


We have thou in the 100 c.c. — 


Maltose, 

Dextrin, 

Diastase, 


1*923 grins. 
■491 „ 

•030 „ 


2-444 

Against, . , 2*539 ,, as represented by the sp. gr, 

Leaving, . . *096 „ matter unaccounted for. 


This *095 grm. of unestimated matter was partly referred to *062 grm. 
a ainylan, leaving a total error of only *012 gnu. 

i\lr. O^Sullivan^s determinations by this method of the starc4i in flour, 
etc., are as follows : — 


Barley floui', 
,, malt, 
Wheat llwir, 
,, malt, 
Rye, . 

Rice, . 
Maize, 

Oats, . 


Per cent. 
46*3 
39*9 
65*4 
43*4 
44- 46*0 
75-77 
64-68 
35*88 


A method of starch estimation devised by Marcker and Morgen,® much 
used on the Continent, is as follows: — 3 grms. of the finely-powdered 
Bulistaiice is digested in a small metal vessel with 50 c.c. of water at a 
heat of about 1(K)* C. for twenty minutes, then cooled to 70* 0., and 5 c.c. 
of freshly-prepared malt extract (100 grms. malt to 500 water) added; the 
mixture is now kept at 70* C. for tw^ty minutes, in order to liquefy the 
starch paste. Then 5 c.c. of a one, per cent solution of tartaric acid is 
added, the vessel covered with a metal cover and submitted in a Soxhlet’s 
digester to heat at a pressure of 3 atmospheres for halt an hour. The 
digester with its contents is now allowed to cool, the lid unscrewed, the 
metal vessel removed, a second 5 o.o. of tartaric acid added, and the whole 
heated once more to 70* C. for twenty minutes. The solution is transferred 
into a flask of 250 o.c. capacity, filtered, diluted to 200 c.o., and inverted by 

^ Mr. O’SuIUvan bos taken 8*95 for the divisor of the sp. gr.—lOOO. . He has also 
taken the optical activi^ of maltose to be [a]/ 154, and K 62*5, the optical activity of 
dextrin as [a], 222, all numbers differing frenu those of Brown ana Heron. 

* Hattdbuch der 1886. 



boiling with 15 c.o. of HCl of 1*125 sp. gfanity. After three houra’ boiling^ 
under an inverted condenser, the liquid is cooled, almost neutralised by . 
soda, made up to 500 cubic centimetres, and the sugar estimated by Fehliug’s 
method. 

A. Leclero^ has proposed to treat 2 grms. of the moistened starchy 
substance with 180 c.c. of concentrated neutral solution of zinc chloride, 
and to heat the mixture in a salt bath up to 108" C. for two hours or more, 
until a solution is effected. On cooling, the solution is made up to a 
detiiiite bulk, filtered, and 25 c.c. of the filtrate precipitated by 2 c.c. of ' 
hydrochloric acid and 75 c.c. of 90 per cent, alcohol; the . precipitate is 
stated to consist only of starch and dextrin. The precipitate is washed 
with acid holding alcohol, then with 90 per cent, alcohol, dried, and 
weighed. Tt is finally burned, and any ash subtracted. 

M. Honig Ijeats the starch-holding substance in glycerin to 210", and 
pours the solution into strong alcohol, and when quite cool adds a fifth of 
its volume of ether. The prccipifcite contains all the starch, which may 
be converted into sugar in the usual way. 

Salicylic Add Metiwd . — Both salicylic acid and benzoic acids dissolve 
8tar6h ; and on heating the solution, the starch is converted into sugar. 
Tlij^'ls a good method in all cases in which the solution thus obtained can 
beinifficiently clarified for observation by a saccharimeter. 5*376 grms. of 
the starch are heated for half an hour with 100 c.c. of water and 0*6 grin, 
of salicylic acid. The solution is clarified by adding a few drops of 
ammonia or sodic hydrate solution; it is made up to 200 cc., filtered, 
cooled, and examined by the polai-iscope. 

Lwet'mn by Oxalic and Nitric Acid , — 3 grms. of the material arc heated 
with 100 %.c. of a saturated solution of oxalic acid for one hour. The liquid 
is Cooled and made up to 200 c.c. with 10 per cent, nitric acid, filtered, and 
the filtrate heated one hour in the water bath, the flask ^eing connected 
with an upright condenser. The solution is then polarised. 

W. E. Stone,® in an elaborate study of methods for the determina- 
tion of starch, gives preference to that in which the starch is converttMl 
by means of malt extract or diastase, for it appears that although the 
various processes by which starch (by means of a mineral . or organic acid) 
is converted into dextrose are accurate with pure starches, such processes 
are often most inaccurate in the presence of the xylans (gum, etc.), sub- 
stances which, without any starch at all, give sugar indications from 4 to 
60 per cent., wheat flour giving results so widely divergent as 59*8 per 
cent, by precipitations with barium hydrate, and 77*7 per cent, by inver- 
sion with hydnxjhlorio acid. 

An easy and simple method ^f determining starch in flour has been 
suggested by Edwin Douzarcl^ A gnu. of flour is mixed with a small 
quantity of cold water, then with 35 c.o. of water at 100" C., and the whole 
kept at 100" C. for 30 seconds; it is then cooled to 48" C., treated with 
20 o.c. jf a 10 per cent, malt extract solution (or an equivalent quantity of 
diastase) maintained at 48" C. for 20 minutes, heated to boiling and 
filtered ; the filtrate is zpade up to 100 o.c., some resolin added, the filtrate 
polarise^ any rotation due to malt extract being, of course, subtracted* 
The speoitic rotation is calculated into dextrin and maltose, as at page l38. , 

^ Joum. Pht^i Ohim., 1690. 

* Chem, Zig,, 1890, p. ,M2. 

• Joum, Alii. Ohm, xvi., Wo, 12, ; Ohm Ixx. 808. 

« Ohm JVw#, tm, 106. - ‘ 
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Mlcro8copiml Idenlijicaiion of Starches, 

The successful microscopical examination of starches requires practical 
study, and those who desire to identify them must use all drawings and 
descriptions as guides merely. It is not easy to preserve starches mounted 
as microscopical ohjctjts,^ and the analyst is therefore recommended to fit 
up a little case, in small, wide specimen-tuhes, so that he can have at hand 
a sample of every kind of starch possible to be obtained. These samples 
should be arranged in the five classes described (pp. 141-144), partly based < 
on Dr. Muter’s*'^ classification. 

A high magnifying power is not required, save for the very minute 
starches, such as rice and pepper. For ordinary work a magnifying power 
of 250 diameters is ample.* Dr. Muter’s classification of starches was 
founded on observations with a B micrometer eyepiecj and a j^inch 
power. 

lb is also useful to observe the various sam])les of starch, and make 
tables of their dimensions. The proper way to do this is to put the 
smallest possible <]uantity of the welbmixcd starch on a glass slide, add a 
droplet of distilled water, cover with a thin glass, take the exact size of all 
the starches in the field, enumerate them, and work thorn out into percent- 
ages for future reference. 

The illumination of starches is to be particularly attended to. The 
light must strike obliquely through the granules, in order to observe the 
rings, which are by no means so easily seen as diagrams would indicate. 

Polarised light is also useful, especially in the diagnosis of certain 
starches. Thus, the polarised starch of wheat, when examined in water, 
exhibits a dull cross ; that of jalap, in shape and size like wheals polarises 
brightly. Polarised light, in conjunction with a selenite plate, will also 
be found of great service. Red and green selonites are beat, and give a 
beautiful play of colours with the arrow-roots and potato starch; while 
the starches of wheat, barley, rice, and oats scarcely show any colour. 
The whole of the starches of the Leguminosm are, so far as they have 
been hitherto examined, likewise destitute of this power of brilliant colora- 
tion. A J-inch object-glass, with an A eyepiece, will be found bettor 
adapted for this method of research than higher powers. 

If adulteration in any case has been made out, approximate quantita- 
tive results may be obtained by making a standard mixture of the genuine 
starch with the adulterant found, and then counting the individual grains 
in the microscopic field. Thus, for example, supposing oatmeal to be found 
adulterated with barley-starch, and from a preliminary examination the 
mixture is thought to be 40 per cent., we pitjceed as follows : — 

Pure barley-meal and oatmeal are carefully dried at 100^ and mixed so 
that the mixture is exactly 40 per cent, A few grains of this powder are 
now rubbed up with glycerine and alcohol into a smooth paste, which is 
then further diluted to a certain bulk, a drop taken out with a glass rod, 
and covered with a glass, which is gently pressed down. The number of 
grains of barley and oat starch are now counted, and their relative 
proportion noted, and an exactly similar process is applied to the oatmeal 
in question.* If proper care be taken to repeat the experiments, the 

« 

I According to Muter, a mounting medium of 1 part of glycerin .to 2 of water pre- 
serves the chamsters of starch longest 

* Organic Maieria Medico, London, 1878. 

^ See a paper by % L. F.O.S., Anaiyat, Januiiy 81, 1877. 



result is a near approximatiou to the trutK I! photographs are taken of 
these mixtures they are always at hand for reference, and much time is 
saved. 


DIVISION I. — Starches showing a Play op Colours with Poijiribbd 
Light and a Selenite Plate. 

^ Class. I. — The hilum arul amcetilrk migs rlmrhj vmhky all the starches 
, oval or ovate. The group includes tone les rrmsy potato^ arrmthrooU 
calumha, erris-root^ ginger^ galangcU, and turmeric. 

Tone moie^ or Canna arrow root, is furnished by the Ganna eduliSf 
nat. order Marcydacem, The granules vary in diameter from *0469 to 
*132 ram. [‘0018 to *0052 inch]. They present themselves under several 
forms, the smaller being granular or ovoid, the larger pyriform, whilst the 
largest granules are flat, oval, and pointed at their extremities. The 
hilum is annular, eccentric; the rings are incomplete, extremely fine, 
narrow, and regular. The starch dissolves easily in boiling water ; solution 
of potiish causes the giamiles to swell rapidly, and gives to the hilum and 
lines remarkable clearness. 

Tons IcB mois can only be confused with the potato ; the size is the 
chief distinction. The granules burst in water at 72'" C., and they give a 
DKiie regular cross when exarained by polarised light than those of the potato. 

Curcuma arrow^roofy which is also called East Indian (though the arrow- 
root ordinarily sold as East Indian is a Maranta), is furnished by the 
CurciAna %ugueiifoUa. The granules are elongated triangular, or irregularly 
oval, fattened, and almost transparent. The normal measurement varies 
from ^304 to *0609 mm. [’0012 to *00238 inch]. The hilfim is eccentric, 
not vei^ distinct; the concentrio rings are clearly visible, and form seg- 
ments ora circle. The application of heat or a solution of potash deforms 
the grains in a very irregular manner ; they begin to swell about 72“ C. 

Maranta arrow-riMt^ syn. Jamaica, St. Vincent, is derived from Maranta 
amndinacea. The granules are somewhat ovoid, flattened, and tending to 
a triangular shape in the larger, but the smaller may be circular. The 
concentric layers are always visible and numerous, but not very marked. 
Nucleus is central, or about eccentric — in some circular, in others linear ; 
from the nucleus a little slit, filled with air, often goes to the edge. 
Length of granule 0 010 to 0*070 ram., average 0*036 mm. [=* *00138 
inch]. Tumefaction in water begins at 76" C. The specific gravity of the 
starch taken in petroleum or benzole is 1*504; if dried at 100", 1*665. 

Natal airow-root is probably the prjduce of Maranta amndinacea, the 
same plant f]*om which Maranta itself is derived, but growing in a different 
climate. The majority of the granules are broadly ovate, but some are 
occasionally circular. The dimensions are fror.a *0327 to *0376 mm. [ 00129 
to *00148 inch]. The eccentricity of the liilum ranges between and J. 
The laminm appear under water with special clearness, and on this account 
granules of Natal arrow-root have been frequently mistaken for those of 
the potato. 

Potato starch, syn. Potato arrow-root. — The starch derived from the 
potato {Solanum tuberosum). The granules vary greatly in shape and 
size, some being small and circular, others large, ovate, and oysterohaped. 
. The hilum is annular, and the concentric rings incomplete. In th^ lafger 

ir ■ r/\ 
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^granules the rings are numerous and distinct. The normal dimensioDB are 
*06 to *10 mm. [*0024 to *0039 inch]. The eccentricity averages J. The 
granules float on chloroform. 

Potato starch is frequently used as an adulterant of the arrow-roots. 
The most reliable method of examination is careful microscopic observation, 
but there is also a diftcrent behaviour with regard to reagents, viz. : — 

(1.) Maranta arrow-root, mixed with twice its weight of hydrochloric 
acid, produces a white opaque jmste, whereas potato starch treated similarly 
produces a paste tranH|)arent and jelly-like. 

(2.) Potato starch evolves a disagreeable and peculiar odour when 
boiled with dilute sulphuric acid, which is not the case with arrow-root. 

(3.) An acrid oil may bo extracted from the starch of the potato, but 
not from that of the Maranta. 

Ginger . — ^Tlie granules are variable in shape, but chapctcristic. The 
usual form may be described as shortly conical with rounded angles ; the 
hilum and rings are very faint. Measurement about *0376 min. {=*00148 
inch]. 

The remaining starches belonging to this group are distinguished as 
follows : — 

Gahngal granules, skittle-shaped, with faint incomplete rings, an 
elongated hilum, with a normal measurement of *0342 mm. [*00135 inch]. 

Calumha . — The starch granules of Calumba are variable in form, 
most of them are pear-shaped. They have a semilunar hilum, and faint 
complete rings. The measurement is about *0469 mm. [*00185 inch]. 

Orris-root . — The starch granules are of a characteristic, elongated, 
oblong shape, with a faint hilum. Measurement *028 mm. [*0011 inch]. 

Turmeric has oval, oblong, conical granules, with the rings wdl marked 
and incomplete. Normal measurement *0376 mm. [*00148 inch]. 


DIVISION II. — Staeches showing no Iriuespenob, or scahobly any, 
WHEN Examined by Polarised Light and Sblbnites. 

Class TI . — The concentric rings all hut invisible ; hilum stellate. To this 
group l)elong the starches of the hean^ pea^ nmizCf lentil^ dari^ and nutmeg. 

The nucleus of the Leguminosm is seen usually as a long, more or less 
stellate, air-filled black hollow. The concentric layers are recognisable if 
the starch is treated with chromic acid. 

The starch from the bean, pea^ and lentil are in shape oval, oblong, and 
almost identical ; but both the bean and pea have a stellate hilum, whilit 
that of the lentil is a long depression. The granules of the bean are of 
kinds, large and small ; the largo are fairly uniform in size, averaging 
H)343 mm. [*00136 inch] and are boaij-shaped, the small are nearly round ; 
those of the pea are variable in size, ranging from *0282 to *0177 mm. 
[•001 1 1 to *0007 inch], the smaller size predominating. ThjS lentil granules 
average *0282 mm. [*00111 inch]. The granules of the nutmeg are of 
small size and of charaoteristio shape. Measurement not exoeeding *012 
mm. [*00047 inch]. The starch from, the dari is in small elongated 
hexagons; average size 0188 mm. [*00074 inch]. The stwh from maize 
varies in shape from round to polyhedral; the granules are the same size 
os those of the dari ; the distinguishing mark is the rounded angles of the. 
polygonal granules. 



Class having Irtth the concmtrie nnga and hilum invmble in 

the ma^oritg of giarmlea. This pnpoHant class includes wheat ^ harleu 
rgCf rliestnnty acom^ and a variety of starches derived from medicinal 
plants^ mch asjalapy rhubarhy senega^ etc.^ etc. 


Wheat etarch is extremely variable in size, being from *0022 to -052 
aim. [‘<^09 to ‘0019 inch]. The granules are circular, or nearly so, and 
lattened. Polarised light shows a cross, but in water the effect is not 
freat. 


Barley. granules of barley are of fairly uniform size — viz., *0185 
nm. [ 00073 inch], but a few measure *07 mm. The shape of the starch 
8 that of slightly angular circles. 

%c.--llye atarch is similar in shape to barley starch. The nieasure- 
nents are from *0022 to *0375 mni. [-00009 to -00148 inch]. The small 
granules are perfectly round, and here and there craclicd. 

Cli^tnut.—The starch grains vary much in form ; they are round or 
elliptical, or three- or four-angled, with the angles rounded. In the place 
of a nucleus there is almost always a central hollow filled with air. The 
size is small and regular, being from *0022 to *022 mm. [-00009 to -0009 
inch], and this regularity of size is the chief means of distinction. 

The starch granules of the acorn are almost round, or round- 
oval. A nucleus may be made out after treatment with chromic acid 
eccentricity Normal measurement *0188 mm. [*00074 inch]. 


Class tU grannies truncMed at one end. This class includes 

sago^ tapioca, and arum, besides several dmgs—viz., the starches from 
belladonna, colchicum, scammony, podophyllum, canella^ acemite, cassia, 
and cinnammi. 

Sago.--^A starch obtained from the pith of certain species of palms, 
especially Sagus levis and S. Rumphii. It exists in commerce as raw and 
as ^r^ared sago ; both have oval-ovate granules, the normal measurements 
of which are from *0282 to *0660 mm. [*00111 to 0026 inch]. There is a 
circular hUum at the convex end of the raw sago granules, and rings are 
faintly visible; but starch granules from prepared sago have a large oval’ 
or circular depression, covering nearly one-third of each granule. 

Tapioca is a starch furnished by the Manihot utilmima, which is more 
or less altered by heat, having been dried on hot plates. This causes some 
of the granules to swell, and thus renders indistinct in some cases the 
original struc^re. The starch is in groups of two to eight, or in isolated’ 
granules. When resting on its flat surface, the granule shows a little 
circle, and round this is a broad flat zone ; but if resting on its curved surface 
the granule shows contours varying from a kettle-drum to a sugar- ■ 
loaf shape ; and it can then be recognised that the nucleus does not lie in 
the centre, but in the axis of the granule, and always nearer to the curved • 
than to the flat surface. *A conical hollow exists under the nucleus, filled- 
with a substance slightly refracting light. The normal measurement is 
from. *0140 to *01879 mm. [*00050 to *00074 inch). 

Arum starch, sometimes called arum arrow-root, has somewhat smaller * 
- grains than tapioca ; they are truncated by two facets ; the hilum w ^ 

/ wentric. The noitnal meaantement is about ’♦14 mm. 1^00056 incli], . 
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Class V. — In this class all the granules are angular in form ; it includes oats^ 
tarray rice, and pepper y as well as ipecacuanha starch. 

Oat Starch or Meal . — The starch of the oat is mostly |)ol 3 ^hedral, being 
irregularly from three- to six-sided — *0044 to *03 mm. [00017 to ‘00118 
inch]. The principal starch with which it luis been found adulterated is 
barley ; but great caution must be used, for oatmeal contains little round 
masses extremely similar to barley. 

Tacca arrouH'Ooty also called Tahiti arrow-rooty is extracted from the 
Tacca Oceanica and pinnatifida. The granules, when viewed sideways, 
are muller-shaped, with truncate or dihedral bases; when seen endways 
they appear circular, occasionally angular or polyhedral ; sometimes a sort 
of contraction gives them a subpyriform appearance. The hilum is well 
developed, often starred. The normal measurement is from ‘0094 to ‘0190 
mm. ['00037 to *00075 inch]. It may be confused with maize starch, but 
tacca Inis sharp angles ; maize, rounded. 

Rice Starch. — Each individual grain is polygonal, mostly five- or six- 
sided, liere and there three-sided. If a high magnifying power, such as J 
or be used, a starred hilum may be seen. The normal measurement is 
from -0050 to *0076 mm. [*0002 to *0003 inch]. 

Pepper . — The starch of pepper is in small polygonal granules, each of 
which, with a high magnifying power, is seen to possess a hilum. The 
normal measurement is from '0050 to *0005 mm. [‘0002 to *00002 inch], 

§ 81. Vogel has given the following table to assist in the diagnosis of 
different starches : — 

A. Ghranules, Single throughout, bounded by Bounded Surthcee. 

I. Nucleus central, layers concentric. 

(a.) For the most part round, at the side lenB-Bha])ed. 

Nucleus round or a radiating slit. 

(1.) Large granules, 0'0396 to 0’0528 ram. [*0015 to *002 inch]— -RYE STARCH. 

(2.) Large granules, *0362 to *0396 mm. ['0013 to '0016 inch]— WHEAT STARCH. 
(3.) Large granules, *0264 mm. [‘001 inch]— BARLEY STARCH. 

{h.) Egg-sha])ed, kidney-shaped, mostly a long, often a ra^ed slit ; diameter of starch, 
'032 to *079 mm. ['0012 to *003 inch]-LEGUMINOUS STARCHES. 

II. Nucleus eccentric, rings markedly eccentric or meniscus-shapod. 

(a.) Granule not flattened, or only slightly. 

(1.) Nucleus mostly at the smaller end, *06 to *10 mm. ['0023 to *0039 inch]— POTATO 
** STARCH. 

(2.) Nucleus mostly at the broad end or towards the middle, ^022 to *060 mm. [*0008 to 
*0023 inch]— MARANTA STARCH ("W.. India arrow-root). 

(&.) Granule more or less markidly flattened. 

(1.) Many of the granules drawn out more or less at one end into a short point near the 
nucleus; at the most, *060 long [*0023 inch]— CURCUMA; at the most *182 
mm. [*0041 inch]— CAN N A. 

(2.) Many lengthened into a disc, bean, 6r club-shaped form : nucleus near the broadei 
end, *044 to *076 mm. long [*0017 to •0029]-BANANA STARCH. 

(3.) Many markedh kidney-shaped; nucleus near the edge— SOUTH AMERICAN 
ARROW-ROOT {Sisyrinchivm gcUaao^es). 

(4.) Egg-shaped, one end thinning into a wedge form, placed one against the other, 
nucleus at the smaller end, *05 to *0? mm- POOIO to *0027 inch]— YAM 
STARCH. 

B. Staxoh Qranules, Single or Ooznpotind. Single Starohee with B^tion 
to the Little Graaulee they are made of. Bounded by even, 
many-angled Sur4lac4n» or partly by Bounded Surfaoea. 



I. Granules throughout many -angled. • 

(1.) With ail evident nuoleus, largest *0066 mm. [*00025 inch]— RICE. 

(2.) Without a nucleus, the largest *0088 mm. [*00034 inch]— MILLET STARCH, 

II. Among many angular forms also some rounded. 

(A.) No drum-shai>od starches present, angular forms predominating. 

(1.) Without a nucleus, very small, *0044 mm. [*00016 inch]— OAT STARCH. 

(2.) With a nucleus, *0182 to *0220 mm. [*0005 to *0008 inch]. 

(a.) Evident round nucleus, here and there the smaller combined granules in variously'^ 
^ shaped groups-BUCKWHEAT. 

(5.) Mostly a radiating or star-shaped fissure, nono of the granules united — MAIZE. 

[B.) More or less numerous drum-shaped to sugar-liat shaped granules. 

(1.) Numerous eccentric layers. Largest granules, *0220 to 0352 mm. [*0008 to *0014 
inch}-BATATA STARCH. 

(2.) Without (Miicentrio circles, *008 to *022 mm [*0003 to *0008 inch]. 

(a.) The slit of tile drum-shaiMKl i)aTtiele8 enlarged towards the flattened side, *008 tb» 
‘022 mm. [*0003 to 0008 inch]— CASSAVA STARCH. 

(d.) Slit wanting or not large. 

(aa.) Nucleus small, eccentric, ‘008 to *016 mm. [*0003 to *0006 inch]— PACHYRL 
HIZUS ANGULATUS. 

(b6,) Nucleus small, central, or wanting. 

(aaa.) Irregular inauy-anglcd forma, ‘009, *008 to *0176 mm. [*0003 to *0007 inch]— 
SECHIUM STARCH (Cueurbitacese). 

(656.) Only a few angular forms, some with a radiated fissure, *008 to *0176 mm. [*0008 
. to *0007 inchJ-CHESTNUT STARCH. 

C ; Qrauules Single and Compound, the IMEajority Egg-shaped an^ 
Bounded with Eccentric Nucleus and Numerous Concentric Layers, 
the Compound Masses composed of a Large Granule and one or a 
few very Small Flattened Drum-Shaped Bodies. 

25 to *066 mm. [*00097 to *0026 inch]-SAGO STARCH. 

Karmarsch has determined the maximum size of sonis of the starches. 
Kurmarsch’s values, as well as Wiesnoris, are arranged in the following 
Table (XIV.). They differ in a few instances from the dimensions the' 
author has given at pp, 143, 144. 

TABLE XIV. 




Kannarach. 

Wieauer. 



mm. 

inch. 

mm. 

inch. 

General nize of potato. 


*100 

•0039 

•06 to lO 

‘0024 to *0089 

Maximum, . 


*185 

•0079 

... 


Maranta starch, 


*140 

0055 

•01 to *07 

•0004 to ‘0028 

Hugbean, Vidafaba^ 


•076 

•0029 

•085 

*0025 

Sago, . . . 


•070 

^0027 

*083 

*0012 

Linseed, . 


*067 

•0026 

033 to *039 

•0012 

Common bean, 


•063 

0024 

•057 

•0021 

Pea, . . . 


*050 

*00K 

•0283 

•0011 

Wheat ’itarch, 


*050 

*0019 



Batata, . 


•046 

*0018 

•0369 

*0014 

Rye, . 

, • , 



*031 

•0012 

Maize, . 


•030 

•0012 

•020 

*0007 

Tapioca, . 


•028 

*0010 


•dm 

Rice, 

• • 



*022 

Barley, . 


*025 

*0009 

•0203 

•0007 

Millet, . 

% 

•010 

•0004 

f _ 

•009 

•0008 
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Wheat — Wheaten Frx)UR. 


§ 82. The wheat cultivated iu thin country is the Triticum vulgare^ of 
vhich there are two varieties— the T. (mtivum, or summci wheat, and the 
r. hyhermim, or winter wheat. The mean composition of wheat from 250 
malyses is as follows [KmUg ] : — 


Water, .... 

Per cent. 

• ■ * . . 13*66 

Nitrogenous substances, 

12*42 

Fat, .... 

.... * 1*70 

Sugar, 

1*44 

Gum and dextrin, 

2*38 

Starch, 

64*07 

Fibre, .... 

2*62 

Ash 

1 *79 

i 


These analyses do not include Russian wheat. In the central parts of 
South Russia a wheat is grown wliich has an amount of nitrogenous sub- 



Fig. 26 is a representation of the microecopical structure of wheat when a fine section 
)f the seed is made, x 199. a is the cells of tlie hron ; h the cells of the thin cuticle ; c 
ihe gluten cells ; d the starch cells ; B, wheat starch, x 360. 


stances quite uncommon— the mean of twenty-four analyses giving a per- 
centage of 3-45 nitrogen and 21*56 nitrogenous substances.- Tlie mean 
Dompbsitioii of the ash of entire wheat is as follows : — 


Potash, • 

Soda, . . 

Lime, . 
Magnesia, . 
Ferric oxide. 
Phosphoric acid, 
Sulphuric acid. 
Silica, . . . 

Chlorine, . 


Winter wheat. 

Summer wheat. 

81*16 

29*99 

2*26 

1*98 

8*84 

2*98 

11*97 

12*09 

1*81 

•61 

46*98 

48-68. 

•87 

1*62 

2*11 

1-64 

•22 

•48 


According to the researches of M. Duvivier* of Chartre^ tiie external 
part of the envelope of the groin is covered with fotty, odorous, and 
ditrogenous matters, which are iu a particular combination,, and form on 
the grain a very tenacious coating— a sort of preservative, and communi- 
Cftting an odour quite eui fenms. These sulwtai|^ whi(^ are nam^ 


ceredin^ intiaecdinet etc., are isolated by treating the entire grain wren 
cold ether, and then allowing the ethereal extract to evaporate spontane- 
ously. However, neither the nature nor even the presence of these 
matters can be considered satisfactorily established, and further investi- 
gation seems necessary. 

§ 83. Gomtitumds of Flour. — Flour, in the common acceptation of the 
term, is ground wheat freed fromliran. 

The physical characters which flour should possess are as follows ; — It 
should be an almost perfectly white, fine powder, with only the slightest 
tjnge of yellow, and it should be free from acidity ; the odour should be 
sweet. It should exhibit no trace of bran when pressed smooth by means 
of a polished surface j and it should have a certain amount of oohcsiveness 
sufi&oient to retain for some time any shape impressed upon it by squeezing. 
The microscopiqjil characters of good flour are: the absence of foreign 
starches, of fungi, etc., and the presence alone of the elements of ground 
wheat. (See pp. 143, 144, and 145, for measurements of the starches.) 

The chemical composition of ground wheat is represented in the follow- 
ing table, giving the mean of fourteen analyses by Peligot : — ^ 


Water, 

Fat, . • . . • 

Nitrogenous matter insoluble in water, 
Soluble nitrogenous matter — albumen, 
Soluble non-nitrogenous matter — dextrin, 

Starch 

Cellulose, 

i^sh, 


Mean of 

Extremes. 

14 analyses. 

Max. 

Min. 

14*0 

16 *2 

13*2 

1-2 

1*9 

ro 

12*8 

19*8 

8*1 

1*8 

2*4 

1*4 

7-2 

10*5 

6*4 

697 

667 

66*1 

17 

2*8 

1*4 

1*6 

1*9 

1*4 


The percentage of ash from the whole wheat is much higher than that 
of ordinary flour, the bran containing much ash. Thus, 100 parts of bran 
contain — 


Water, . 

Albumen, coagulated, 
Fat, . . . ' 

Husk and a little starch, 
Ash, 


Per cent. 
18-1 
19’3 
4-7 
65’6 
7-8 


The analyses of Millon*'* and Kukul(S give the following : — 


Starch, 

Gluten, 

Sugar, 

Fat, . 
Wood fibre, 
Salts,. 
Water, 


Wheat bran. 
Millon. Kekta4. 
62-0 
14 '9 
1-0 


67-3 


8*6 41 

9-7 9’2 

5*0 56 

18-8 18-8 


whilst 100 parts of flour, according to Wanklyn, contain— , 


Water, 

Fat, . 

Gluten, etc ' 

Starch, etc 

Ash, . . - 

* According to Church, Indian wheat containa fto 
albuminoids, we average bei^ 18 *6 (Fbod Gre/iiis of Irdm), 
» CummttB rmdus, xxviit . P, 4a • 


Percent 
. 16-6 

. 1*2 

. 12-0 

. 69‘6 

•7 

1Q*8 to 167 per cent o 
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d O’Sullivan [Jourml Ghffm. Soc,^ Trans., xli., 24] has described two 
varieties of starch found in barley, wheat, and rye, under the names of a 
and p amylaii. 

The principles of separation are briefly as follows : — ^The finely ground 
grain is freed from sugars, certain albuminoids, and other substances, by 
alcohol (specific gravity *90), the residue is then treated with water at from 
36® to 38“ C. for several hours. The solution is filtered and evaporated 
until it becomes fairly thick. Alcohol of specific gravity *83 to *84 is now ^ 
added to complete precipitation; the precipitate is purified by repeated^ 
treatment with alcohol, and a dry, friable substance obtained which is pii 
impure mixture of a and j3 amylan. 

The substance is purified by (1) treatment with cold water which 
dissolves out the J3 amylan, (2) dilute hydrochloric acid which dissolves 
out traces of mineral matter, and (3) solution in boiling water, filtration, 
and precipitation by alcohol. By repetition of these processes a snow- 
. white body was obtained, which only gave *3 per cent, of ash, and had the 
percentages of C, H, and 0 of a starch. 

a amylan is nearly insoluble in cold water, it gelatinises in water, and 
in 2 per cent, solution forms a clear, jelly-like fluid. A solution contain- 
ing 1 per cent, of dry substance has a specific gravity of 1*00396, and in 
a 200 ram.-tube an optical activity at 16**5 C., equal to [aj^ - 24“. 

It does not reduce alkaline copper solution, and is converted into 
dextrose without yielding any of the intermediate prodiicts furnished by 
starch. ^ amylan obtained from the cold water solution of the impure 
mixture of the amylans, by precipitating by alcohol, and purified on pretty 
well the same lines as before detailed, is a snow-white body soluble in cold 
water, and having aii optical activity three times as great as a ailiylan, and 
yielding by treatment with lime a bi-rotatory body. 

Barley contains about 2 per cent, of a amylan, and 0*3 per cent, of /3 
amylan. Wheat and rye contain from 2 to 2*6 per cent, of amylan, and 
from *06 to *1 per cent, of a amylan. Malt does not contain a amylan, 
but a body like J3 amylan, but more soluble. 

Determination of Nitrogerum Matter, 

The nitrogenous matter of the cereals has been usually determined by 
a combustion and subsequent estimation of the nitrogen. Mr. Church has, 
however, shown that this method of esti&tion is not perfectly reliable as 
a measure of the flesh-formers, or albuminous matters properly so called. 

In a valuable series of researches on this pointy with regard to wheat, 
barley, and oats, Wigner was one of the first to show that these nitrogenous 
flesh-forming constituents had been over-estimated, since nitrogen com- 
bined in other forms than proteid was present in larger quantities than 
had been hitherto supposed. This is more especially true as regards the 
husk and bran, very little non-coagulable nitrogenous matter being con- 
. tained in the flour properly so called. These analyses werh carried out as 
.follows : — 

60 grains of the sample were ground in a warm porcelain mortar with 
enough carbolic acid to form a paste. Two or three drops of dilute acid ’ 
were added, and the paste then diluted witib hot carboHc acid and allowed 
' to cool, filtered, and the filter washed with carbolic acid of the same 
- strength. By this treatment all the true albuminoids were coagulated and 
remained in the filter, w^jle any nitrogenous matter, either as nitrates, 
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nitrites, alkaloids, or gluten, passed through the filter. The residue in the 
filter was washed down into the point as far as possible, and the filter 
dried; the residue detached, and the filter itself finely shredded with 
scissors and ground to powder, and then burnt in a combustion-tube in 
the usual way. 

The samples were collected so as to give examples of every class of 
wheat, barley, and oats, and ground by the operator. Treat^ in this 
manner, Mr. Wigner found that 17*7 per cent, of the total nitrogen in 
wheat, 17*6 per cent, of that in oats, and 14*7 per cent, in that of barley, 

an average, deduced from the examination of fifteen samples of each, 
was present in such a forin as not to be capable of coagulation by carbolic 
aciil. The extremes in various samples differed widely, and it would 
appear as though wo may have by this process a method of distinguishing 
the nutritive vatie of one sample of grain from another.^ In a research 
by the senior author, the nitrogen as nitrates in the bran was estimated 
as *0071 grm. per cent.; peptone was precipitated by phospho-molybdio 
acid, and found to exist in the proportion of about *75 per cent. In whole 
meal the nitrogen as nitrates was *043 per cent., the peptone 1*00 per cent. 

Weinwurra‘-* has made a similar research by a different process; 10 
grms. of the substance were treated with *200 c.c. of water and 0*5 c.c. of 
acetic acid, the whole warmed twenty minutes on the water bath, the 
solution cooled, made up to 500 c.c., and in 50 c.c. the soluble nitrogen 
estimated. Woinwurm erroneously calls this * amido^nitrogen ^ ; but it is 
obvitms that the solution will contain other forms of nitrogen than amido. 
The results differ from Wigner’s because of the difference in the process. 

The vast improvement in modern mills worked with steel rollers 
separates Vheat into nine varieties of flour and three varieties of bran of 
different degrees of fineness, Wcinwui'm ascertained the soluble nitrogen 
in all these qualities, as well as other principles; his results *are contained 
in Table XV. The fineness decreases from Nos. 0 to & ; and it is clear 
that the finer the flour there is less nitrogen, more starch and less ash. It 
hjjjs also been ascertained that coarse flour is more digestible than fine. 


TABLE XV. 



Yield. 

Water. 

Insoluble 

N. 

Soluble 

N. 

i Starch, 

yw. 1 

Fibre. 

Ash. 

Original wheat, 


18*87 

10*69 

2*93 

1*98 

80 41 

1*90 

2*09 

Flour, No. 0, 

6*0 

12*66 

8*38 

8*06 

0*83 

87*26 

Trace 

0*47 

1 

14*0 

1’2*.64 

8*32 

8*06 

0*92 

87*20 


0*60 

>1 y 

6*0 

12*48 

8*87 

2*96 

0*97 

86*69 

II 

0*62 


4*0 

12 *.50 

8*94 

2*89 

1*06 

86*67 

II 

0*66 

If II ^1 

5*0 

12*60 

8-76 

3*17 

1*10 

86*46 

•1 

0*53 

6, 

6*0 

12*48 

8*94 

3*00 

1*16 

86*86 

i» 

0*66 

** *' 6 

4*0 

12*89 

9*88 

8*00 

1*17 

86*87 

0*02 

0*66 

n 'I'l 7| • 

P2-0 

12*86 

9*82 

8*06 

1*28 

85*01 

0*09 

0*74 

i! !i 8, 

6*0 

12*41 

10*06 

3*22 

1*80 

84*65 

0*06 

0*81 


6*0 

12*40 

12*66 

2*72 

1*91 

81*62 

0*08 

1*21 

r, » s! ’ 

fi*0 

11*72 

14*84 

3*00 

3*61 

76*90 

1*02 

2*28 


8*0 

.10*64 

16*02 

2*66 

4*02 

74**20 

1*66 

2*66. 

Fine bran, . 

160 

11*36 

18*50 

■ 8*06 

' 4*64 

63*64 

8*71 

6*65 

Medium fine bran, 

2*0 

11*65 

I 18*38 

; 2*72 

8 96 

68-.07 

9*08 

6*89 

Coarse bran, . 

2*0 

12-37 

I 18*44 

! 8*17 

3*46 

62*13 

9*79 

8*01 


^ See Analyst^ July, August, 1878. 

® OetAerr-Ungar. Ziuhr, f. Zuckerinduntris imLandw.y 1890, Heftii. 



A similar more recent research has been made by Professor Snyder^ of 
the University of Minnesota, on experiments on bread which necessitated 
careful analyses of tlie cliftorent forms of flour. 

lu order to avoitl tlio error inseparable from analysing the varied mill 
products of diirerent varieties of wlicat, various flours were extracted by 
the pn)cess of milling from the same wheat. 

Hence the analyses show, with greater accuracy than heretofore, the 
composition of the several kinds of flour which may be produced by the 
most modern and impi'oved system of ‘milling.’ ^ 

The explanation of the various terms is as follows : — 

Vird PtdcHf. Flour. — This is the liighost grade of flour. The gluten having 
conaiderahlo power of expansion, it produces a very white and large loaf. 

Scrond Patent Floar.— Similar to the lirst, but not quite so white. 
kilandard Patent Fhnir. — Ordinary flour >i8 found ip the American 
market, and formed of a mixture of the first and second patent. 

Fird Clear Grade Flour. — This contains slightly more protein than the 
flours described above, but a))parently docs not contain the right pro- . i 
portions of gliadin and glutciiin to produce so good a quality of bread as 
the patent flours. 

Second Clear Grade or Loto Grade Flour, — This, in the process of milling, 
is only separated in small quantity, about 0*5 per cent. It contains a high 
percentage of protein, but it does not make good bread, the gluten being 
of poor quality. ^ 

Red Dof! Flour . — ^This consists largely of the germ or ’irnbryo and 
adjacent portion of the wheat, and contains a relatively high ^oportion of 
protein. It is distinctly coloured, and produces a small dark coloured loaf. 
Middlings or This mainly consists of fine bran, * 

Bran. — The epispertn or outer covering of the wheat. 

Entire Wheat Flour . — This must not be considered as denoting litenilly 
what its name indicates. A portion of the bran is removed, and then the 
rest is ground. 

Graham Flour. — The entire wheat kernel, bran included, is ground 
into meal. Hence this might truly have been called ‘ entire-wheat flour.’ 
The presence of the brau prevents the meal being finely ground ; honoe it 
contains many coarse products 

Wheat Ground in Laboratory . — This is the wheat from which the above 
products were derived. The wheat was a hard Scotch Fife spring wheat, 
plump and of good quality, weighing 60 pounds to the bushel.* 

Gluten Flour. — A flour coutaining as high a percentage of protein as it 
is possible to obtain by the ordinary roller-process rolling. 

The acidity in the Table XVI. is calculated as lactic acid. The value 
for proteids, it will bo observed, has beeu calculated by using the factor 5*7 
instead of the usual one of 6-25. The ash increases fr om^ he first patent 
.up to the ‘bran,’ so that with regatd to flours deri^Hrom the same 
aamplo of wheat the different grades of flour can be d e^ ra M by a simple 
determination of the ash, " 

Chemically the lower grades have a higher jJHp Hive value, but 
physiologically the experiments of Snyder and otherfTOw that the protein 
eff the lower grades is in such an insoluble form that it passes away 
undigested, and that the higher grade flours are more nutritious. 

The nitrogenous constituents of flour comprised under the name of 

^ Studies on Bread and Bread-making at the UniverBity of Minneiotain 1899-1900!, 

By Harry Snyder, B.S., 'Washiagton, 1901. 



gluten are probably, from the researches of T. Weyl and BischofF,i not 
readily formed in the flour, but the result of the action of a ferment 
like myosin, which, however, has not been isolated. This theory would 
account for the fact that (as observed by Mitscherlich and Krocher) wheat 
in which no sugar could be found before being sent to the mill, on being 
moistened and ground yielded as much as 4 per cent, of sugar. 


TABLE XVI. — Composition, Acidity, and Hicats op Combustion op Flouus 
AND other Milling Pkoduotb of Wheat. 


• 


to 

X 


i 


■d 

1 


Heats of 
combustion. 

Milling pi-' uct. 

• 

Water 

1 


1 

3 

1 

1 

is 

Calculated. 

Determined. 

Fii-si patent Hour, 

10*55 

11*08 

1*15 

76*85 

*37 

*16 

•08 

8*989 

4*032 

Second patent flour, 

10*49 

11*14 

1*20 

76*76 

*42 

*17 

•08 

3*992 

4*006 

Straight or Rtaudard 
latent flour, 

10*54 

11*99 

1*61 

76*36 

*60 

•20 

*09 

4*022 

4*060 

FirBt,olear grade, . 

10*13 

13*74 

2*20 

7318 

•80 

•34 

•12 

4*087 

4*097 

Second clear gi’ade. 

10*08 

16*08 

3*77 

69*37 

1*76 

•66 

*27 

4*168 

4*267 

‘Red Dog’ flour, . 

9*17 

18*98 

7*00 

61*87 

3*48 


*69 

4*849 

4*485 

Shorts. 

8*73 

14*87 

6*87 

65*47 

4*56 

... 

•14 

4*219 

4*414 

Bran, .... 

9*99 

14*02 

4*89 

65*64 

6*06 

2*20 

*23 

3*988 

4*198 

Entire wheat flour, 

10*81 

12*26 

2*24 

78*67 

1*02 

•64 

*32 

4*026 

4-032 

Graham flo^r. 

8*01 

12*66 

2*44 

74*68 

1*72 

•71 

•18 

4*123 

4*148 

Wheat grouna in labora* 
tovy. 

8*60 

12*65 

2*36 

74*69 

1*80 

•76 

•18 

4-114 


Gluten flour, 

8*67 

16*36 

8*16 

70*68 

1*29 

... 

*14 


4*140 1 


Gluten may be obtained by merely kneading the flour into a paste, and 
then washing all the starch out of the paste in a thin stream of water. 
For this purpose a rose with very fine holes may be fixed to a water tap, 
the flour made into a paste with water, the paste spread out on a rather 
fine hair sieve, and the streams of water made to play upon the paste, 
which is gently kneaded. When all the starch is washed out, the effluent 
runs almost clear. As thus obtained, it is, in the moist state, a yellowish- 
grey, very elastic, adhesive mass; and when dry, somewhat horny. It 
dissolves for the most part in alkaline liquids and in acetic acid. 

The Proteids of Wheat Flour , — ^The researches of Thomas 6. Osborne 
and Isaac F. Karris * show that thei^ are at least five proteids in wheat 
flour. These are : — 

1. Gliadin^ soluble in 70 per cent. Jilcohol but insoluble in neutral 
aqueous solutions. 

2. Glu*min, soluble in vexy dilute acid and alkaline solutions, but 
insoluble in neutral alcohol or neutral aqueous solutions. 

3. Lmcoeiny a proteid similar to albumin, coagulating at from 60° to 60°, 
and soluble in pure water. * 

4. Globulin^ soluble in dilute salt solution and coagulated by heat. 

6. Proteose^ or a mixture of proteoses, soluble in water and not 
X)agulable by heat. 

^ Ber, OMschaft, 1880, p. 1064. 

* Jmeriean Jbmml 
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Gliadin is separated from the gluten, after washing out the starch, by 
^ digesting it with strong alcohol so as to make with the water of the gluten 
a strength of 70 per cent. The alcoholic solution is filtered, concentrated 
to a thick syrup, and then poured into a large volume of water containing 
a little salt, cooled by ice. The precipitated gliadin is separated and again 
dissolved in strong alcohol, and the process repeated. ITinally, the gliadin 
is exhausted by ether, dehydrated by absolute alcohol, and dried over 
sulphuric acid. Thus prepared, gliadin is a snow-Avhite mass easily 
reduced to powder. If the alcoholic solution is slowly dried, gliadin may 
be obtained in clear transparent laminae, similar in appearance to gelatin. 

It was formerly called plant-gelatim The yield of gliadin is from 60 to 70 
per cent, of the gluten. 

The gliadin both of wheat and rye has the same elementary composition, 
containing 62*7 per cent. O; 6*8 per cent. H; 17'7 per cent. N ; 1*1 per 
cent. S; 21*7 per cent. 0. 

Glutenin is obtained, after extracting the gliadin, from the same 
gluten. The residue is exhausted with absolute alcohol and afterwards 
with ether ; the insoluble mass, air-dried at the ordinary temperature, is 
powdered and then treated with 0*2 per cent, solution of KHO, the solution 
filtered, and the filtrate exactly neutralised by HCl. The precipitate is 
collected, treated with 70 per cent, alcohol to remove traces of gliadin, 
digested in absolute alcohol to dehydrate it, and ultimately dried over 
sulphuric acid. The yield is from 30 to 40 per cent. The elementary 
composition of glutenin is 52*34 per cent. C j 6*83 per cent. H ; 17*49 per 
cent. N ; 1*08 per cent. S ; and 22*26 per cent. 0. 

Leucosin is obtained from a watery extract of the flour by precipitating 
with an equal volume of saturated aiiimonium sulphate solution ; 'altering the 
precipitate oft’, dissolving the same in water, again filtering and then heating 
the clear solution to 65“ and filtering off the coagulum. The coagulum is 
washed with hot water, then dehydrated by absolute alcohol and dried ; it 
forms a white powder, which, as before stated, is similar to animal albumen. 

Osborne and Harris have also studied the hydrolytic products of the 
three chief proteids ; their process was mainly that of Kmil Fischer, viz. 
treating with HCl of sufficient concentration, heating for many hours, then 
cooling by means of ice, and saturating the HCl solution with hydrochloric 
acid gas ; the saturated liquid was left cooled by ice two days, and the 
deposited glutaminic acid separated by filtration. The residue was 
eva^rated under diminished pressure to a syrup, the syrup treated with a 
considerable quantity of alcohol saturated with hydrochloric acid gas at a 
low temperature. This operation was repeated twice ; the final acid syrup 
was alkalised at a low temperature by potassic carbonate, and the esters 
extracted by dry ether. The ainino-aoid esters were next partially separated 
by fractional distillation at reduced pressure, which, as Fischer has shown, 
is a convenient method ; for instance, alanine ethyl ester boils at 48“ under 
11 mm. pressure, ethyl a*amino-butyrate boils at 67“ *5 under the same 
pressure j t-ethyl-leudne boils at 85“*5 under 12 mm. pressure j such esters 
are easily hydrolised by boiling with baryta water. 

It will be observed in the following table that gliadin yields neither 
glyoocoll nor lysin, that it yields less than half the alanine given up by 
glutenin and leucosin, that it has but little tyrosin or bistidin, and that of 
the three proteids it produces by for the greatest amount of glutaminic acid. 

An examination pf the following tabular statement will show aimilar 
distinctive features with regard to glutenin and leucosin. 



The bases were separated and identified by the method of Kossel.^ Tb 
results of the inquiry were as follows:— 

Glliidin. Glutenln. T^noosin. 

Por cent. Per cent. Per cent. 

Glyctwoll, 0-89 0*94 

Alanine (CH 3 Cn(NH.j)COOH), . . . 2 00 .4-65 4'45 

Amino-valerianic acid, .... 0’21 0'24 0‘18 

Loucin, 6*61 5*95 11*34 

a-lVoliii (Pyrrolino-2-Car boxyllic acid), . 7*06 4*23 3*18 

Phenyl-alanine (C„Tl 5 CH„ClJ(NH 2 )COOH), 2*35 1-97 8*83 

Asparaginic acid, 0*68 0*91 3 35 

.Glutaminic acid, 37 ‘33 23*42 6*73 

Serin (amido-lactic acid), . . . . 0‘13 0*74 

Tyrosin, 1‘20 4*26 8*84 

Cystin, . . . . . • 0*45 0*02 

Lysin (a.-€. diainidn-caproic acid), , . ... 1*92 276 

Histidin (CflHflN^Ojj), 0‘61 1*76 2*83 

Arginin (CfiHj 4 N 404 ), .... 8*16 4*72 6*94 

Ammonia, 6*11 401 1*41 

Total, . . 66-80 59‘68 60*27 

W. Mayer has discovered a very important ratio between the total 
phosphoric acid in wheat and corn generally, and the total nitrogen — 1 
part of phosphoric acid corresponding to 2 parts of nitrogen ; the extreme 
variations do not appear to be more than from 1 : 1*83 to 1 : 2*19. 
Ritthausen, U. Kreusler, and Pote have, however, found that in wheats 
very rich in nitrogen the proportion may be — phosphoric acid 1 to 1*31. 

Analysts op Fixiur. 

§ 84. iSiir in this country is pretty well free from organic admixture ; 
but cases ^ur in which there has been found some one or other of the 
following B^s '.’-Melam.pyrum arvmm [ScrophulariaceaB], Lyelinu gitiuigoy 
Loliinn temulentum; or, in bad Reasons, ‘blighted’ and ‘er^Jotised’ com 
ground up with good corn. 

The Melampyrum arvense^ or purple cow-wheaty is a not uncommon 
flower in cornfields. A chemical test is as follows; — About 15 grms. of 
the flour are made into a soft paste with acetic acid, diluted with double 
its volume of water. The paste is freed from water and acid by a gentle heat. 

It shows on section a coloration, violet or purple, according to the quantity. 

C. Hartwich found a rye bread which was of a violet colour. An alco- . 
bolic extract of the flower showed an intense green colour, and sulphuric acid 
gave a blue play of colours. The seeds not only of Melampyrum arveneey but 
also of Af. urietatumy Rhvnanthus hirmtusy AMoroloplm major and minor, 
Euphrasia odontulisy and Pedicidaris palustrisy all give a violet colour to 
br^, and probably contain the same oolouring-matter—rhinanthin.* 

The Agrosfemmay or Lychnis githago^- the common corn-cockle of our 
fields — is without doubt poisonous, containing a glucoside, ‘ saponin.* The 
seeds are in shape not unlike a rolled-up caterpillar, and the surface is 
beset with regular rows of little warty projections. The microscopy of the 
seed is very characteristic (see fig. 27). 

The surface of the testa shows very large .(*1 to *6 mm. diameter) 
thickened cells, forming on the surface branching tubercles ; beneath are 

^ Zett,/. physiol. Ckem.y zxzTil 

* Art^ der PAomoeie, 217, p. 280. 

* The plant belongs to the nat order Oaryt^hylloeecB, or clove- worts ; the flower is 
& large and purple ; the stem dichotomous, from 2 to 8 feet high ; the calyx is coriaceous, 
f;4jrfbbed, with 6 linear lanceolate^ constantly erect, patent, verv Iona aeffments. stvlea ■ 

eapsnla 6-tooih^ 
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two rows of a regular parenchyma resting on a thin epithelial membrane 
composed of flat cells, most of which exhibit a peculiar striation ; next 
comes the endosperm, composed of ordinary large celled jMircnchyma, filled 
with very minute starch grannies, and lastly, there is the embryo, which is 



Fin. 27 .— A section of thc! seed of the 
corn-cockle, tlie warty projections 
of the seed, consisting of an extra- 
oiilinary thickened and convoluted 
cuticular layer ; p, a loose parenchyma; 
e, the colourless outer metiibmne en- 
closing the cndos})onn (K) or seed 
proper ; stamh. 


in no way peculiar. There are, 
however, bodies scattered among 
the endosperm with which every 
food-chemist should bo practically 
acquainted; they consist of egg- 
shaped, or spindle-shaped, finely 
granulated grains, from *02 to *1 
mm. in long diameter, and consist 
of masses of sa[)onin, mucin, and 
starch. They d^omposc slowly in 
cold water, but more quickly on 
warming and in diluted alcohol; 
the starch is then set free, and 
exhibits the usual molecular motion. 
These bodies are found in other 
seeds belonging to the Nat. Order of 
Cloveworts but are different in size. 
F. Beneko (Landw, VermeJmtat, 


1885, 6 Heft) has given the follow- 
ing as the maximum sizes of tliosc he has observed Spergula *030 mm., 
beta *057 mm., spinacia *64 mm., agrostemma *122 mm., hence over *07 
mm. points to oom-cockle. ^ 

Should the microscope indicate the seeds of agrostemm;^ then an 
attempt may be made to separate saponin. At least 200 grms. of the 
flour are exhausted with 80 per cent, alcohol, boiled and Altered hot ; the 
filtrate is now freed from alcohol by distillation, and from fatty matters by 
shaking up with ether ; after separation of the ether, the liquid is oc^cen- 
trated to a small bulk and precipitated with saturated baryta water; if 
saponin be present, the precipitate will be composed of baryta saponin. 
This may be collected on a filter, washed with baryta water, and afterwards 
suspended in a little water, and the baryta separated by passing carbonioj 
anhydride through thc liquid. ' ^ 


1 1 has also boon noted that flour containing com-cookle yields a larger 
percentage of oil to ether, and the ether extract has an acrid faste and is 
of a pronounced yellow colour. . r] 


Saponin (C82Hjj40ig ?) is a white amorphous powder, a pungent 
disagreeable taste ; applied to the nostrils it, excites sneezing. It is in- 
soluble in ether, in benzine, and in absolute alcohol; it may to some 
extent bo serrated from its aqueous solutions by chloroform ; it is soluble 
in water, and a very oliaracteristic feature of the solution is that it froths 


like a solutiou of soap; solutions as weak as 1. p* 1000' exhibit this 
peculiarity. Saponin is precipitated by basic .ppitate d lead and in 
concentrated solution, as above detailed, by baryta water. Saponin is 
IsBvo-rdtatory [«]!> « - 7"*80. Concentrated sulphuric acid fissolves saponin 
with first a red-yellow colour, changing into violet, and lAter into a more 
intense red. According to Schiaparelli^ saponin has a remarkable power 
of dissolving salts insoluble in water, e.p., a boiling aqueous- solution will 
dissolve l>arium carbonate up to 10 per cent. 2 grms. given to an aduH 
> Qmrn C^im Jtaliana, xiii., 4224a0. 



will oaase physiological symptoms, mainly consisting of nausea, diaphoresis, 
and diuresis ; *6 grm. is a fatal dose for a kitten ; the fatal dose for a 
human adult is not known. 

The Lolium temulentum, or Dantely has been found iis an impurity in 
flour. Darnel cannot be identified microscopically by the starch granules, 
for they arc not sufficiently characteristic ; should, however, any of the husk 
be found, it may be readily distinguished from wheat, but possesses some 
similarity with that of the oat. The best distinction is that the darnel 
bran has lancet-shaped hairs, while those of the oat are more in shajie like 
th^ upper bill of the vulture. 

If flour contain a considerable quantity of darnel the cliaractcrs of the 
alcoholic extract assist the diagnosis. The flour is digested in alcohol of 
35% ; if it is ]uiro, the alcohol remains perfectly clear and limpid, or at the 
most takes a vejjjy pale-straw colour, from dissolving a little colouring- 
matter ill the envelopes of the wheat, which may be in the flour, nor is the 
taste disagreeable. If, on the contrary, it contains darnel, the alcohol 
takes a greenish hue, which darkens gradually. The taste of the alcohol 
is acrid and nauseous, and on evaporation it leaves a yellowish-green resin. 

Detection of Ergot in Flour , — It is most important to examine iloiir for 
grain matters damaged by mould, and especially ergot. A good pre- 
liminary test is that recommended by A. Vogel.^ The flour is stained with 
aniline violet, and then examined microscopically: the damaged starch 
granules take up the colour intensely. This staining will take place with 
flour damaged by miy fungus, and is not a special test for ergot. The 
best chemical method is that of Jacopy, as modified by J. Petri.^ 20 gnus, 
of the flour are placed in a proper exhausting apparatus, such as is described 
at page 49, and exhausted with boiling alcohol until the last alcohol is 
colourless. To the alcoholic solution 20 drops of cold diluted sulphuric 
acid are added, and the liquid is filtered and examined by the# spectroscope 
in thinner or thicker layers, according to the depth of colour. If the flour 
is ergotised, the alcoholic solution will be more or less red, and show two 
absorption-bands in very dilute solution, one lying in the green near E, 
and a broader and stronger band in the blue between F and G. On mixing 
the original solution with twice its volume of water, and shaking successive 
portions of this licpiid with ether, amyl-alcohol, benzine, and chloroform, 
the red colour, if derived from ergot, will impart its cobur to each and all 
of these solvents. Other tests liave been proposed from time to time ; as, 
for example, a yellow colour developed when flour is treated with an alkaline 
solution, and the development of a smell of trimethylamine when the potash 
solution is heated. It may, however^ be remarked that the yellow' colour 
would not be conclusive as to the presence of ergot, for otherwise damaged 
flour will show this reaction ; and as for the smell of trimethylamine, it 
may be noticed when certain gummy matters are decomposing, and though 
a flour producing such an odour witli potash cannot be considered healthy, 
the odour m itself would not be conclusive in regard to the presence of 
ergot The presence of ergot, emd of the seeds mentioned, musi) be re- 
garded, not as adulterations in the sense of a fraudulent addition, but as 
impurities. Nevertheless, an analyst would naturally certify, under the 
‘Sale of Food and Drugs Act,’ if flour sold as good flour should be found 
to contain any of these substances. 

The following substances have been fraudulently added to wheatei 

^ <Jlupin,C^»lZS,’]x„m, 

* anal, €hm,t 187S, 211-220. 
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flour : — Rye, rice-meal, barley-meal, potato starch, the flour from various 
Leguminosw, linseed-meal, buckwheat, and some other starches.^ It may 
once again be said, that in England all these adulterations of flour are of 
extreme rarity (with, perhaps, the exception of potato flour and ground 
rice ) ; but there is good evidence that in times of scarcity, with broad at 
famine prices, all kinds of substances have been mixed with flour and sold. 
What has happened may occur again, and it is therefore well to know the 
chief chemical tests which have been recommended to detect even these 
uncommon admixtures. The general test recommended by A. E. Vogel 
may ho useful : The suspected flour is extracted with 70 percent, alcohol, 
to which hydrochloric acid has been added, in the proportion of 5 per cent, 
of the alcohol employed. If the flour is made of either pure wheat or rye, 
the alcohol remains colourless ; it is of a pale yellow if either barley or 
oats should be present ; orange-yellow with pea flour ^ purple-red with 
mildewed wheat; and blood-re(l with ergotised wheat. 

Potato Starch . — So long ago as 1847, M. Donne proposeil an excellent 
test for potato starch in wheat flour. The flour is examined in a very thin 
layer under the microscope, in the ordinary way, and then, while it is 
under observation, a weak solution of pohvsh is added, when jKjtato starch 
will begin to swell, and reach four or five times its volume, while wheat 
starch is scarcely affected. The tost is best applied by putting a little of 
the flour on a stage micrometer ; it is then easier to appreciate the alter- 
ation in size of any particular starch. When this method of detecting 
potato starch is combined with the subsidence process, proposed by Leoaiiu 
in 1849, so small a quantity as one part of potato starch in a thousand of 
wheat flour may be detected. The subsidence process is as follows ; Any 
convenient quantity of flour, say 100 grms., is treated with 4(7 per cent, 
of its w'eight of water, and the gluten separated in the usual way; the 
washing water is well stirred, and passed through a sieve to retain the 
larger suspended matters, and then allowed to rest in a conical vessel \mtil 
a deposit has formed. Without waiting for the supernatant water to 
become clear, it is decanted, and the deposit mixed by stirring with more 
water, and allowed again to deposit for a short time. The water is 
decanted, and the process again gone through. By this means the flnal 
and Iqwest deposit will consist almost entirely of potato starch, which, 
bein^^f greater specific gravity than wheat, always subsides first. M. 
Robine, curiously enough, relies more upon a chemical identification of 
the apex of the cone of deposit than upon a microscopical, which latter is 
so much more decisive. The last deport is recommended to be received 
on a lump of dry plaster, the apex out oflP and triturated in an agate 
mortar — glass, porcelain, and Wedgwood mortars -do not answer — and 
tested with iodine, which gives a blue colour with potato starch; but 
under those circumstances, not with wheat starch, the friction of the 
smooth agate not having been sufficient to tear the envelopes off the latter. 
M. ChevaiHer has also recommended a method lor the detection of potato 
starch, based on the resistance which the wheat granules possess to the 
destruction of the outer membrane. Equal weights of flour and sand are 

} To this list ‘ sawdust' may be added, a chemical test for which has been suggested 
hyO. A. le Roy {Am. de Chiin. ano^., 1899, iv., 212-221), 1 ^rm. phloro-glucinol dissolved 
in 15 O.C. of 90-95 per cent, alcohol and 10 o.c. of phosphono acid syrup. 1-2 o.o. of the 
above reagent is placed in a porcelain dish and triturated with a little of the sample. Saw- 
dust asBDines a rose tint, gradutdly becomiug carmine. The odlnloae of the flour <mly 
boeenning ebloured subsequent and then only sli^tly, ^ 
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to be triturated with water until a homogeneous paste is formed, which ia 
then diluted and filtered; to the filtrate is added a freshly-prepared 
solution of iodine, made by digesting for about ton minutes 3 grms. of 
iodine in 60 c.o. of water, and then decanting. If the flour is pure, this 
addition will give a pink colour, gradually diwippearing ; whilst if potato 
starch should be present, the colour is of a dark purple, only disappearing 
gradually ; by comparing the reaction with flour known to be pure, this 
difference of behaviour is readily appreciated. 

Detertion of Leguminms StareheSt etc.— As previously stated, the 
leguminous starches give no play of colours when examined by polarised 
light and a selenite plate, and are thus easily detected among the iridescent 
wheat starches. By treating the flour also under the microscope with a 
solution of from 10 to 12 per cent, of potash,^ it is possible to dissolve the 
starch granules ef the leguminous plants, and leave a characteristic 
reticular tissue, made up, for the most part, of irregular hexagons. The 
addition of lentils or vetches, on account of the brown colour of the seeds, 
can only take place in minute quantity, and then could only be added to 
dark flourSv<j| niferior quality. 

Bean haricot flour, or pea flour, may be mixed up to 5 per cent, 
without ?^iiljJarting any particular appearance, odour, or taste. Beyond 
that,jBl these characters are altered. Bean flour is said to give to the 
crust a mqre golden brown, which is agreeable to the eye. There is ti 
principle i^ beans and vetches which, treated with nitric acid *and ammoniji, 
gives a red colour. The method to separate this colouring-matter from 
falsified flour is to exhaust any convenient quantity with boiling alcohol, 
and to evaporate the alcohol to a syrup. This syrup is freed from fatty 
matters by ether, and the insoluble residue exposed successively to the 
vapours of nitric acid and ammonia. An amaranth red oolbur/lenotes the 
presence of these substances. M. Biot has, however, stated that wheat 
from the Caucasus responds to this tost although perfectly pure, so that, 
like many other reactions, it must not in itself be taken as conclusive. 
M. Marten proposed to separate legumin, and M. J. Lemenant dcs CheiiaiB 
has modified li^irten’s original process as follows ; — The gluten is separated 
in the usual manner, and to the liquid containing the starchy matters is 
added ammonia, which is a good solvent of legumin. The starch is 
allowed to deposit, the liquid is filtered, and to the filtrate a very dilute 
mineral acid is added, which precipitates legumin if present. The legumin 
is filtered, collected, dried, and weighed. According to M, Lemenant dee 
Chenais, ‘9 legumin in 100 grms. of flour represents an adulteration oi 
5 per cent. 

The most scientific process, which embraces a fairly complete examina 
tion of flour for the leguminous oonsfatueuts, is that of Lecami : — Th« 
gluten is first separated in the usual way. The washing water, containing 
starch, soluble matters, and- legumin, if present, is pass^ through a sievi 
to separate ooarse particles in BU8|)en8ion, and then diluted sufficiently 
and allowed to deposit. The liquid is divided into two parts, and one part 
is allowed to putrefy or ferment spontaneously. With pure flours th< 
lactic acid fermentation is most common ; with flours containing legumir 
there is a putrid ferment^ion. The other portion is, after docantatiot 

^ A 1 *8 per cent solution of potash may be used for the detection of maize staroh in flour 
' IQO mgnns. of flour are treated with 10 o.c. of such a solution for 2 minutes in a test tnbi 

then nearly nentxalised with dflute HOI ; wheat starclais g^tinised, maize remaini 


11 
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and filtration, concentiated until a yellowish scum forms on the surface j 
it is allowed to cool, and separated from the albumen which all flours 
contain. Then logumin is precipitated by adding drop by drop acetic 
acid. Lcgiimiii is identified by its properties. It is without colour, taste, 
or odour. When dried it is of a horny consistence, insoluble in alcohol, 
not coloured by iodine, but very soluble in potash or ammonia water, from 
which solution it may be prccipitjittHi by the addition of an acid. The 
dc}X)sit is submitted t/o a carcbil microscopical examination, and tested 
with iodine to colour the starch and leave uncoloured the cellular tissue, 
or w'ith potash in the way described 011 page 157, The suspended particles 
on tlie sieve are also examined microscopically, because they often contain 
large fragments of leguminous cellular tissue. 

The leguminous starches conbiin more mineral matter than wheat 
flour — for example, pea flour contains, on an average, c2 *65 per cent, of 
ash ; flour, *7. It hence follows that if pea flour be mixed with wheat 
flour in the proportion of 10 per cent., the ash would be *87 instead of *7, 
and it has been proposed to make this a test of the presence of such foreign 
starches, but, as the example just given shows, with moderate adulteration 
it would not be at all conclusive, and must only bo considered one of the 
auxiliary means. 

M. Rodriguez has ascertained that when pure flrmr is submitted to dry 
distillation in a stone retort, and the distillate is collected in a vessel 
containing water,. the latter will remain perfectly neutral. But if bean, 
pulse, or pea meal has been added, the water will have an alkaline reaction. 
This test appears of doubtful value ; for, provided the distillate is alkaline, 
the alkalinity may, it is evident, have arisen from a variety of causee 
l)esides the addition of the substances mentioned. It has also been shown 
by Bussy that certain cereals yield on distillation an acid product. 

Lassaigne (taking advantage of the fact that haricot l)ean8, as well 
beans, contain a tannin in their envelopes) adds a salt of iron, which, with 
pure flour, gives a feeble straw colour, but mixed with either of the twe 
mentioned, or, of course, with any substance containing tannin, gives various 
shades, from orange-yellow to very dark green. 

§ 85. Detection of Alum UTid Mineral Matters generally in Flour . — The 
most important test for the detection of mineral substances generally ir 
flour is, without doubt, what is knowm as the ‘ chloroform ’ test— a test 
which, it would appear, was first proposed by M. Cailletet, a pharmacist 
of Charleville, in 1869, and was in England brought prominently before 
the notice of analysts by the researches of Dr. Dupr6. The principle of the 
method is simple and obvious. The chloroform is of' sufficient gravity tc 
float the starchy substances and allow the alum, sand, sulphate of lime, 01 
other mineral matters, to sink to the bottom. It, besides, has no ver^ 
appreciable solvent action ou alum, and none at all on the generality 0 
min€»ral or saline substances. No solution made of sufficient specific gravity 
by dissolving salts in water, or any other means, will answer the samt 
purpose as chloroform, because, directly the flour is moistened with water 
most of the alum is decomposed by the phosphate of potash present in th< 
flour ; alum also forms an insoluble compound with the gluten. 

The method is as follows ; — The tube figured in the article on * Beer 
is taken, and a weighed quantity of the flour, from a quarter to half i 
pound, is placed in it, and sufficient methylated chloroform added to fom 
a thm sort of paste ; ^e cylinder is closed by a stopper, shaken up once 01 
twice, and allowed to S^nd over nierht. Tha naxt mnmmir thn * rrvi 
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stopper’ is inserted and the cap removed; the latter wilt contain sand from'! 
the raillstones, sulphate of lime, alum, or any other mineral powder of a 
greater specific gravity than chloroform, that happened to he in the flour ’; 
this fluid is placed in a burette, some more chloroform is added, and the 
matters allowed again to subside ; lastly, the ^jowder, with a little of the 
chloroform, is drawn off into, a watch-glass, the chloroform evaporated, and 
the powder digested in warm water, the solution filtered into a clean watch- 
glass, and allowed to evaporate spontaneously. If alum W'ere present 
crystals will be obtained, and these, if necessiiry, can be produced in court 
a 'corpus delicti.* Most of the chloroform used may Im) recovered by 
filtration, and purified by distillation.^ 

The alum crystals may ho easily identified by their form under the 
microscope, sind by the reaction with gelatin and logwood. It may be a 
matter of some importance to bo able to say whether the alum present is a 
potash or ammonia alum. The best method of detecting this is to take 
the smallest crystal, and having previously dropped a single drop of Nessler 
solution on a porcelain slab, stir the crystal into the Nessler ; m immediate 
brown colour and precipitate is produced if the alum wtw an ammonia alum. 
Dr. Dupre^. has made some experiments as to the amount of alum which by 
this process it is possible to recover. Three mixtures were made, contain- 
ing respectively 10, and 2 grains of very finely powdered ammonia 
alum in 100 grains of a pure flour. On separation of the alum by the 
chloroform test, the residue or deposit obtained from the chloroform was 
dissolved in cold water, and precipitated by baric chloride, and the sulphate 
of baryta obtained calculated into ammonia alum ; the result was that 27*1, 
8*21, aiidj.l 'U grains of alum were respectively recovered, instead of 28, 
10, and 2 grains, which must be considered as fairly satisfactory. The 
sand and silica obtained by the chloroform process will be filtered off, and 
should be dried and weighed, more especially since there has been found to 
be a relationship between the silica present and the alumina in flour not 
existing as alum, but as o^y, etc. 

The Logwootl Test.— A freshly-prepared 'tincture of logwood becomes 
blue when alum and certain other salts are added to it ; an excellent and 
readily applied test has been proposed based on this reaction. The process 
usually adopted for flour is as follows 

Fifty grms. of flour are weighed out and mixed by the aid of a gloss 
rod with 50 c.o. of distilled water ; to this is added 5 o.c. of recently pre- 
pared logwood solution, alkalised by 5 o.c. of solution of ammonium 
carbonate. If jxshijs w present, the flour will become of a 

lavender-blue colour instead of pink. An approximate estimate of the 
quantity may be obtained by having 'a standard solution of pure alum, 1 
grm. to the litre, and adding known quantities to exactly similar emulsions 
of pure flour, and testing as before with logwood, until an emulsion is 
obtained of very similar hue to the flour originally tested. If the cold 
extract gives a blue tint with the logwood test, or if the flour be submitted 
to dialysis, and the difiPusate responds, alum is present as alum, and is not 
derived from dirt, clay, or from the millstones themselves.^ The authors 
use little strips of gelatin to concentrate the alum on : a bit of gelatin 


^ Emmerlin^, instead of chloroform, uses a solution of rino sulphate, 100 gnns. of 
dno sulphate dissolved in 72‘5 grms. of wat^ ; such a solution has a gravity of 1*48 
[Zeit. A onal. Chm.t 1894, p. 48). 

* millstones are sometimes ^mended with an alum cement, This circumstanoe 
wfl] of course, time to time, be'tfiilised f<U' purposes m defence, , 



j soaked in the cold extract of the suspected flour for twelve hours, it is 
hen taken out and steeped in the ammoniacal logwood ; if alum is present 
he gelatin becomes of a beautiful blue colour ; and the spectrum shows 
he shifting of the band as described on p. 73. The same blue colour is 
)roduced by the presence of magnesia, and clayey matters may also cause 
i bluish tint. Nevertheless, if a flour or bread does not respond to this 
est, it is certain that alum in any quantity is not present; on tlie other 
land, if a blue colour is produced, there is likely to be either an adultcra- 
ion with alum or some other admixture, and the sample should be more 
horoughly examined. . 

Hermann W. Vogel * has shown that salts of alumina and magnesia can 
)e recognised by their influence on the spectrum of purpurine. It is evident 
ihat here is a process by which the analyst may be assisted in his diagnosis 
>f the cause of any blue colour imparted to flour. Pure ^purpurine gives, 
n saturated solutions, a sptictrum extinguishing wholly the blue part. 
\.u alcoholic solution diluted until it is of a straw-yellow colour extinguishes 
ho blue only partially, and shows two marked al»sorption-l)ands at F and 
t K (see fig. 16, p. 70). A diluted watery solution does not sliow these 
ibsorption-baiids, but instead there appears a stronger absorption in the 
jreen between F and ft, a weaker in the yellow from K. This reaction is 
lependent on a trace of alkali, for it is intensified by ammonia, whilst a 
ilight excess of acetic acid (jolours the fluid yellow, and then there is only 
i weak absorption. The solution of purpurine should bo prepared from 
jurpuriue which lias been purified by sublimation, and it should be made 
^cry feebly alkaline. To test for alum, it is best to take the deposit from 
ihe chloroform process already described, and dissolve it in not ^ore than 
I c.c. of water. 2 c.c. of water are now placed cither in a test-tube or a 
little glass coll, and three drops of a saturated alcoholic solution of 
purpurine added, and then alkalised by a drop of fourfold diluted ammonia 
water. On observing this solution by the spectroscope, it appears as curve 
^ 0 . 12, fig. 16, p. 70. A drop of the alum solution is next added : in 
lilute solutions two bands gradually appear; in the presence of half a 
milligramme Qf alum, the bands appear after the lapse of several minutes. 
Magnesia presents similar appearances, but is at once distinguished from 
Eilum by the fact that tbo bands are destroyed by the addition of acetic 
icid. 

Proximate Analym of Flour. 


§ P6. The constituents of flour to be determined are- 


(1) Water. 

(2) Fat. 

(8) Cold water extract 

(4) Starch. 

(5) Gluten. 

(6) Ash. 


Sugar, gum, dextrin, and jB amyluu. 
Yoget^le albumen. 

, Phosphate of potash. 


(1.) The water is taken in the ordinary way ; that is, by weighing care- 
fully about 1 to 3 grms. in a tared dish, and exposing it to the heat of the 
water-bath until it ceases to lose weight. ’ 

(2.) The/o^, according to the resoarohes of Peligot, must be determined 
in the perfectly dry flour, error resulting in any other ease. 

fS.l The cold extract is obtained bv difirestimr 10 fimns ol flour in fiOO 





c.o. of watfir, aiicI tiltoring ftiid ovaporating dowu au\f u.u, lu u ptauDuoi^. 
dish. According to Wauklyn, 100 grms. of flour yield to water — 

Sugar, gum, and dexfnn, 3 33 

Vei^tame albumen 0 92 

Phoapliato of potash 0*44 

4-69 

On igniting the oxtraot, the ash should consist entirely of phosphate 
of potash. When the weight of the ash is known, it may be dissolved in 
water, and the quantity of phosphoric acid estimated by titration with 
uranium solution ; and if from this there is any discrepancy between the 
calculated phosphate of potash and that found, the ash should be carefully 
examined. ^ 

The determination of the sugar dextrin and p amylan may be made by 
the processes previously described ; but it is usually sufficient to obtain 
merely the weight of the cold extract and the weight of its ash. 

A method of estimating the value of flour by the amount of solid 
matter dissolved by acetic acid has been proposed by M. Robinfe, who haa 
taken advantage of the property which acetic acid, when properly diluted, 
has of dissolving the gluten and albumen, and leaving intact the starchy 
matters. The acetic acid solution increases in density according to the 
amount of solid substances it dissolves, and he has constructed an areometer, 
graduated in such a manner that each degree represents the value of the 
flour expressed in a loiif of 2 kilometres weight. A table is sold with the 
instrument, and without doubt, although not exact enough for the food- 
^alyst, tne process is of some value to the buyer of flour. The areometer 
is called ‘ ApprecicUeur des Farines* The acetic acid is diluted until the 
^ apprhiateur^ sinks to 93* on the scale. 24 grms. of flou» of the first 
quality are taken for the assay, but if the flour is of the second quality, 
then 32 are taken. This quantity of flour is washed successively with six 
quantities of the acid, each time using 31 ’26 c.c., and alf the time 
triturating in a mortar. After ten minutes the whole is poured into a ; 
vessel, plunged in cold water of exactly 16* C., and allowed to remain at rest ' 
for an hour; tho liquid is then decanted, and the * apprSciateur* floated 
in it. By the number indicated, the number of loaves of bread 2 kilo- 
grammes in weight which 150 kilogiammes of the flour will give is at ■ 
once seen. 

(4.) Determination of the starch may be made by O’Sullivan’s method 
(ante, p, 13(5). 

(6.) Total Proteidfi, — ^The total nitrogen may be determined by combus- 
tion with CuO or by Kjeldahl’s method, and the N found, multiplied by 
6*26 1 from the gluten, the gliadin, and glutenin, may be extracted in the 
maimer detailed, p. 151 et seq, 

(6.) TI^ ash is best burned in a muffle, otherwise it is difficult 
to obtain a perfect ash. It has been proposed to mix the flour 
with nitrate of ammonia, then to heat carefully, and directly 
fusion oommenoes, to withdraw the flame, flour can certainly 
be burnt up very quickly in this way. If this method should 
be adopted, it will be necessary for the analyst to ignite a 
corresponding quantity of - nitrate of ammonia in a platinum 
^dish, and see whether any rmidue is left. Occasionally, nitrata 
^ But probably {he fa^ 67 gives mofa exact results. 
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of ammonia may be mot with which is sufficiently impure to cause an error 
in analysis. Flour may also be burnt up in a platinum trough in a com- 
bustion tube. In this case it is most convenient to begin the combustion 
in ordinary air, and then to finish in oxygen. A properly burnt flour ash 
should be below 1 per cent. ; if it attains 1 per cent., mineral adulteration 
is probably present. (The method of estimating alumina and silica in the 
ash of flour is fully detailed at pages 167-169, and also the relationship 
between the silica and the alumina.) 

Legal Case Relative to Flour. 

§ 87. The following brief abstract will show the lines of defence likely 
to be adopted : — 

111 the month of FehruHry, 1880, the case of a miller summoned fo^• soiling adulterated 
flour was heard at the Eckington sessions. The analyst deposed to having found alum 
in the propoHion of 24 grains to 4 pounds of flour. Ho «ibtainod the alum as alum by 
the chloroform process. He shook tlie flour with chloroform, which was a heavy liquia, 
the flour floated, and the alum sank to the bottom ; it was from what sank that Ik! 
obtained ciystals in the characteristic form of alum ; ho tasted it, and it had the 
Mtringent taste of alum. It gave the logwood reaction such as alum gives. He placed 
about 30 grains of the flour in the chloroform, and the precipitate was probably one- 
eighth of a grain. Ho let the chloroform evaporate, and so obtained tho ciystals ; alum 
crystallises in octohodra of the cubical system ; the alum was in the fmgmentaiy form 
until water was added to the deposit from the chloroform, and tho liquid filtered and 
evaporated. Silica crystallised in hexagrmal prisms, and could not be mistaken for alum 
besides, it was insoluble in water. He had made an analysis for the purpose of esti- 
mating the quantity of alumina present, aud found it was in the proportion corre8|)ondinp 
to 30 grains of alum to 4 pounds of flonv. On being asked whether clay and dirt might 
not account for tho alumina, the answer was that clay and dirt might he present as a 
silicate of alumina, but it would bo insoluble in water, and would not give tho reaction 
with h»gwood. The defence was— 

1. That the analyst was mistaken. 

2. That alum was occasionally used in tho mill for filling up the cracks in the stones. 

3. That tho defendant had made liis flour lately fi-om foreign groin on account of the 
bad quality of English wheat at the time, and there was nothing astonisliing in finding 
24 grains of alum in such wheat, although perfectly jiure and unadulterated. 

An analyst was called for the defence, who did not seem to be acquainted with the 
chloroform test, but had estimated the total alumina. The gist of his evidence was that 
he could not say positively whether there was alum or not in the flour, and that he 
thought that so small a quantity of alum as could be separated from 30 grains of flour 
oould not be identified. Tho matter was then referred to Somerset House, and the 
Government chemists fully confirmed the presence of alum in the flour.' 


Bread 

§ 88. The term Bread has been applied to any form of flour made into 
bread, but that made from wheaten flour ca^ alone be treated of here. 
Wlioaten bread is the flour of wheat made into a paste with water, and 
the paste is permeated by carbon dioxide, either by adding yeast, which 
causes a true fermentation with the production of alcohol 4Dd carbon 
dioxide, or the carbon dioxide is added in solution in water td tiie paste, 
as in Dauglish’s system. The explanation of the breod-maiing process is 
not thoroughly worked out in all its details, but the following theory 
agrees fairly well with what is witnessed. On adding yeast to the dough, 
it is placed on one side, at a suitable temperature, and idlowed to rise, 
that is, fermentation proceeds, and there is a continual evolution of gas; 
the starch in some degree becomes changed into sugar, which sugar is 

1880, pp. 72-86. 



decomposed into carbon dioxide and alcohol. The gluten prevents, or 
rather retards, the escape of the carbon dioxide, and the tension of the 
warm gas expands little cells, and gives to the bread its familiar light 
spongy appearance. The alcohol mostly escapes, and although in large 
bread-making establishments it would seem to be feasible and economical 
to recover the alcohol, hitherto no really good appliance has been invented 
for this purpose, the apparatuses whi(;h have been tried interfering with 
the baking of good bread. The outeide of the loaf, when placed in the 
oven, is raised to a temperature of from 210" to 212", but the crumb is 
seldom much above 100". The crust is to some extent caramelised, and, 
on analysis, shows, as might be expected, very much less water than the 
crumb. Thus, Rivot found in twenty-one samples of bread from 20*46 to 
47*11 percent, hygroscopic water in the crumb, and 16*40 to 27*44 per 
cent, in the cnist. Tracing one by one the chief chemical changes which 
the flour undergoes under the influence of the yeast-fermentation and 
subsequent baking, we consider, 

1. NitrogmouA Matiers. — The soluble albumen and globulin become in- 
soluble, and can no longer be septirated from the starch. There is a 
partial union Iwstween the acid and the proteid bodies. There is a decrease 
of alcohol soluble nitrogen, an increase of water soluble nitrogen, hence 
probably some of the gliadin is rendered soluble,^ In the crust there is a 
partial destruction of the nitrogenous substance. Thus, V. Bibra found— 

Wheaton Bread. Rye Bread. 

Nitrogen per cent. Nitrogen per cent. 

Crumb, « • • • • 1*498 1*47() 

Crust, 1*863 1*298 

2. Tli9 Starch, as already explained, is in part changed into soluble 
carbo-hydrates, a portion of which is converted by the yeast into carbon 
dioxide and alcohol, but, allowiug for loss by fermentation, from 6 to 8 jmji 
cent, of the total insoluble starch is changed to soluble Torms. The 
amount of carbon dioxide which is evolved during fermentation and baking 
averages 1 per cent. The average amount of alcohol which can be 
recovered is also 1 per cent., which is less tiian the theoretical amouiil 
(Snydei'). There are also volatile acids, such as acetic and lactic, produced, 
and other organic volatile constituents, the nature of which has not been 
determined. 

3. The Fatty Mattel's are in part vvolatilised.® 

4. 2V//? Ash is not changed, save by the minute proportion of yeast asl 
which is added to it, an addition quite inappreciable. Further, any sah 
added by the baker increases a little its weight; but the ordinary niethoc 
of burning bread volatilises very effectually chlorides of the alkalies, b( 
that the ash of bread is still very small. It has been said that the alcoho 
escajjes, which is true with regard to the bulk of the alcohol. Alcohol 
however, has a wonderful property of adhering to organic substances, am 
Th. Bolas has shown that it can be detect^ in fresh bread in greate; 
quantities chan would a priori have been suspeuted. Thus, he found ii 
six fresh samples of bread the following percentages of alcohol 


Minimum, . *. 

Maximum, . . • 

Mean, . . . • 


•221 

*899 

•818 


* Studies in Bread and Bread-Making, by H. Snyder, U.S. Dept, of Agriculture 


* Loasra in the Process of Ma^g Bread, by L. A. Voorheea, M.A., U.S. Dept o 
Agriculture, Washington, 1890. ' 



In two of the samples a week old, he was able to detect *132 to *120 
per cent, respectively. On keeping bread, there is a continual loss of 
water, and it becomes * stale * from some peculiar molecular change. That 
this staleness is not due to the loss of water is proved by the simple 
experiment of re-baking a loaf, when it becomes for the time fresh again, 
but more rapidly after this process becomes stale and is notably drier. 
V. Bibra found that a bread cannot be made fresh again if it has lost 30 
per cent, of water, but if the loss of water is below that, it then may be 
freshened by re-baking. V. Bibra found that wheaten bread lost the 
following percentages of water : — 


After 1 day. 8 days. 

7 days. 

16 days. 

80 days. 

7*71 8*86 

14-05 

17-84 

18-48 

The mean composition of wheaten bread, 
analyses collected by Kdnig, is as follows: — 

Ululmum. Maximum. 

from a largo number of 

Mean for Mean for 

Fine Bread. Coame Bread. 

water, . . , . 

N I tro^nous substauces, . 

26-39 

47*90 

38*51 

41-02 

4-81 

8-69 

6-82 

6-23 

Fat, . . . . 

•10 

1-00 

•77 

•22 

Sugar, .... 
Carbo-hydrates, 

‘82 

4-47 

2*37 

2-13 

38-93 

62-98 

49*97 

48-69 

Woody fibre, . ... 

-33 

•90 

•38 

*62 

Ash, .... 

•84 

1*40 

1-18 

1-09 


The ash of a properly burnt wheaten-flour loaf seldom exceeds 1*5 per 
cent., unless adulterated; anything beyond 2 per cent, would be certainly 
suspicious of a mineral addition. There has recently been an agitation on 
behalf of * whole meal bread,’ and analyses of the greater richn^fss of such 
bread in azotised constituents are frequently quoted ; but such a question 
cannot be decided by chemical analysis, or, at all events, by ordinary 
analysis, in which a few constituents are alone estimated. The question 
IS rather a physiologico-chemical inquiry, and the proper way to solve the 
problem is to go on the lines of the well-known experiments of G. Meyer. 
A healthy individual is taken and fed on known weights of the substance 
experimented \ipon, and the amount of undigested substance recovered 
from the fteces is weighed. Meyer thus experimented on 

(1.) Horsford-Liebig broad, which is made without the addition of yeast 
or leaven, the carbon dioxide being developed by the action of bicarbonate 
of soda on phosphate of potash. 

(2.1 Munich rye bread, prepared from rye bread and coarse wheat meal 
and leaven. 

(3.) White wheaten bread. 

(4.) North German black bread {Ihmtpemichel) prepared out of whole 
lye meal, and with the use of leaven. 

amount of dry substance, etc., absorbed in percentages of these 
oiiierent mejuis was found to be as follows 


Ury SuBstanoe. 

NMarogen. , ' 

-Ash. 

. 80-7 

57-7 

8*4 

. 88*5 

67-6 

61 ‘9 

. 89-9 

77-8 

69-5 

. 94*4 

80-1 

69-8 


1. The bJack bread, 

2. Horsford-Liebig bread, 

8. Bye bread, . . , 

4. White bread, 

It is thus shown that of the black bread a person would have to eat 
very much more than of white bread. The white wheaten broad was 
nearly all absorbed. Th®t this experiment was not mode with whole 



wheatenmeal in true, but it stiil unmistakably oasts some doubt on the 
question as to whether whole meal would be more nourishing than pure 

white flour. _ , , i., , x 

Allerations of Bread by Moulds, eJfc.— Red, green, orange, and bluck spots 
occasionally appear on bread, and there are several instances on record of 
great damage and loss from such parasitic diseases. 

In 1856, in France, M. Poggiale was commissioned to examine 22,000 
rations served out to the French troops, the bread of which liad turned 
a bluish-black. The bread had been made of inferior grain, but it also 
cqptaincd an enormous number of l)acteria. Rather frequently, also, bread 
and other foods have been attacked by an orange-red growth, which lias 
been attributed to a fungus, to which has been given the popular name 
of the red bread fungus, its scientific appellation being Utdvnn aurantia^um. 
The blood-red iiqfillw prodigiosus has also occasionally caused trouble in 


The more common moulds of bread are the whitish Mnror nmeedo, the 
green Aspergillus glaums, and the black Rhiwp'm nignean^. It hns not 
yet been established that any of the moulds or growths enumerated are in 
themselves injurious to health ; but, as may be expected, they damage the 
bread, making it deficient in nourishment, and uiqialatable. 

§89. Adulterations of Bread.— 'ihQ adulterations of bread enumerated 
by writers are sufficiently numerous, but those actually proved to exist are 
but few. Among organic additions, — rice flour, potatoes, bean flour, and 
pea flour are usually given j among mineral, —alum, borax, sulphate of 
copper, sulphate of zinc, chalk, and carbonate of magnesia. 

In 1843 and 1847, some bakers in Belgium were convicted of adding 
sulphate of copper to their bread, and this fraud was repeated some years 
ago hy a baker of Calais. There is, however, no reason to believe that 
English bakers are addicted to these practices, and, as a fact, no con- 
viction has been obtained save for the use of alum. Tlie detection of rice 
flour, bean flour, foreign seeds is to be undertaken in the ^me way as 
described in the sections on flour, save that here the chemical tests are 
more useful than the microscopical. It is an extremely ditticult thing to . 
detect and identify most starches when they have been swollen by heat 
and altered by fermentation. The only feasible course appears to be to 
make bread of flour adulterated with the substance suspected to be present, 
and examine sections and washings of such bread side by side with similar 
sections and washings of the suspected bread.* 

§ 90 . ilium ia Bread.*— Alum is added to bad or slightly damaged 
flour by both the miUer and the baker. Its action, according to Liebig, is 
to render insoluble gluten which boa teen made soluble by acetic or lactic 
acids develop^ iu damp flour, and it hem^ stops the undue conversion of 

starch into dextrin or sugar. . . , .u . 

It will he found that generally the medical profession teheves that 
aluhi even in small doses acts injuriously on the human animal onanism. 
It is certainly true that a person may he poison., d by taking a sufiiciently 
larradose of burnt alum or of the orystallised solid alum, or even a 
dose in concentrated solution. It has alao been satisfactorily eBtabliahed: 
by Siem* that if animals ate treated by subcutaneous doses of alumina 

> Aiiexoq)tloniiiay,perha™,be madetothiBStotementin the case of potato stairii, 

ij ,. » Paul Kan, DOtr^Mi ITirfou^ litt ia Stn/ttiimi. Doipat;. 
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Balts a peculiar nervous condition may be produced, similar to the disease 
known as bulbar paralysis. On the other hand, it is a question whether 
in the moderate doses in which alum is taken in pastry or bread, or cakes, 
the flour of which has been mixed with alum or an alum baking powder, 
it has the slightest appreciable influence on health. Christoph Schmitz ^ 
gave a dog for three weeks aluminium acetate mixed witli sausage ; the 
dog took in the 21 days 99 grms. of alum acetate, and gained in weight 
half a kilogrm. To the same dog was given for 120 days, each day some 
35 C.C. of a solution of aluminium acetate, the total amount taken being 
equjvl to 260 grms. of aluminium acetate, and the dog increased in weight 
2 kilos. Schmitz himself took, for 31 days, 15 drops of the same solution, 
the total amount equalling 2*4 grms. of the solid acetate, and failed to find 
his health in any w-ay affected. 

Two young (lectors took, for 33 days, 1 grm. of the tartrate of aluminium 
also without effect. Schmitz carefully examined the urine of his experi- 
mental dog, but could not obtain more than feeble and doubtful evidences 
of a trace of aluminium hydrate, and he comes to the conclusion that 
aluminium compounds in nuKlerate doses are not absorbed by the human 
intestine. 

We are, therefore, decidedly of opinion that alum in food in reasonable 
quantities is not injurious to health. 

On the other hand, the addition of alum to bread is interdicted by law, 
and whether alum is injurious or not, does not touch the question of 
adulteration. Probably, in most cases, unless the purchaser is expressly 
informed that alum is in such and such a cake or such and such a loaf, its 
presence should be considered an adulteration ; for no one should be un- 
willingly compelled to take anything concerning w’hich he has a prejudice 
against, whether that prejudice be founded on just grounds or otherwise. 
In other words, an alumed article of food will generally fall under section 
6, and not bo of the nature and quality demanded. 

In searching for alum, the crust and the cnimb should be analysed 
separately; for many bakers use for the latter a flour technically called 
‘cones,* which is strongly alumed, and prepared fn)m a fine species of wheat 
grown in the south of Europe, mixed with rice. This mixture is used for 
dusting the kneading trough and kneading boards ; in point of fact, for 
* facing^ the sponge previous to baking it. To search for alum in the 
crust, there is no other method save burning to an ash, as shortly to be 
described ; but with regard to the crumb of bread, the quaJitaiive test is 
the same as for flour — viz,, an amraoniacal tincture of logwood. From 
300 to 400 grains of bread are crumbled in distilled water, and a slip of 
pure gelatin added, and the whole allowed to^soak for twelve hours. On 
dissolving the gelatin in a little logwood, to which its own volume of a ten 
per oent. solution of ammonium carbonate has'^ been added, if the bread is 
pure the solution will be reddish-pink j if the bread is alumed, the solution 
will be blue, and exhibit the spectroscopic appearances described at p. 73. 
This blue colour is not absolutely decisive of alum, for breads adulterated 
with magnesia carbonate exhibits the same reaction ; but if such a colour 
is prCduced, the bread requires further examination. 

The authors, in some special researches, have discovered that a certain 
portion of alum may always be washed out of bread as alum. 'J'he follow- 
ing process was employ^ : the bread is soaked in water for at least 

^ Christoph Schmitz, Vntermehmgen Uber die ttwwige iHfHfik«U dea Aluminiums, 
Donn, 1898* 
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twenty-four hours (about 2 litres of water are used to 100 grms. of bread). 
The bread is separated by means of a sieve, and the mass afterwards 
pressed in a cloth, ultimate clear filtration being obtained when nccessaiy 
by aid of the mercury pump. This extract may be concentrated in a 
platinum dish, and when cooled a slip of gelatin allowed to steep in a 
portion over night. The gelatin on being stained with logwood will 
exhibit a blue colour, if magnesia or alum is present. Another portion of 
the extract is dried and burnt up in the usual way, as in the process to 
bo described, and the phosphate of alumina separated. The ])hosphate of 
alumina is now fused with sodic sulphate, the result of the fusion being 
sixlic phospliate and alumina. The sodic phosphate is washed out with 
water ; the alumina boiled with a drop or so of dilute sulphuric acid j to 
the sulphate of alumina thus obtained, a little solution of ammonia^ is 
added, and the v^iole put in a watchglass to crystallise over sulphuric 
acid. To obtain crystals in this way is often very difficult, but that alum 
is really present can bo re£w:lily proved by the reactions of the solution 
with reagents. By strictly following these directions, a very small quan- 
tity of alum can be detected. In a test experiment in a sample of bread 
in which 6 grains of alum had been added, it was found possible to obtain 
1*6 in aqueous solution. 

The (juantitative method for estimation of the total alumina in bread, 
as originally proposed by Dupr^ and slightly modified by Wanklyn, is as 
follows : — 100 grms. of bread are incinerated in a platinum dish, until the 
ash does not exceed 2 grma in weight. The ash is then moistened with 
3 c.c. of pure strong hydrochloric acid, and 20 to 30 c.c. of distilled water 
added ; t|j 0 whole is boiled, filtered, and the precipitate (consisting of 
unburut carbon and silica) well washed, dried, burnt, and weighed. To 
the filtrate containing the phosphates, 5 c.c. of strong solution of ammonia 
are added. If the bread has been alumed, the phosphates now precipitated 
are those of lime, magnesia, iron, and alumina, of which the ^latter (viz., 
phosphate of iron and alumina) are insoluble in acetic acid, so that their 
separation is easy. The liquid is stromjly acidified with acetic acid, boiled 
and filtered, and the phosphates of alumina and iron washed and weighed. 
Unless the liquid has been acidified sufficiently, phosphate of lime con- 
taminates the precipitate and vitiates the results, so that this is an essential 
point. The last step is re-solution of the precipitate in acid, and the esti- 
mation of. the iron \ this is usually host effected by a colorimetric process. 
A standard solution of metallic iron is made by dissolving a gramme of 
fine iron wire in nitro-hydrochlorio acid, precipitating with ammonia, 
washing the peroxide of iron, and dissolving it in a little hydrochloric acid, 
and diluting accurately to 1 litre |jl o.c. » 1 mgrm. of metallic iron]. On 
now adding to an unknown very dilute solution of iron a known quantity 
of strong ammon. sulphide, a certain coloui* is produced, and this colour is 
exactly imitated in the usual way by a simihir quantity of ammon. sulphide 
and the standard solution, the whole operation being conducted on the 
well-known principles of colorimetric estimation. The amount of iron in 
the precipitate being known, it is calculated into phosphate, and the 
phosphate of iron subtracted from the total weight of the precipitate gives 
the weight of the phosphate of alumina. From Mr. Wanklyn’s experiments 
it would seem' that in the case of bread ash, it is unnecessary to evaporate 

^ It is very easy to form s cesium alum, so that if, instead of ammonia, a sdulioii. 
of chloride be added, the result is the formation of beautiful, well-marked 

t'eiystsla 



tAe AyaiocAionc solution to azyness, as is usually done, and that tbs 
separation of silica is complete by the method just detailed. 

Another perfectly valid way of estimating alumina in bread or flour 
consists in a modification of the old Kormaiidy process. The bread is 
burnt up as before, the ash powdered aud treated with hydric chloride, 
diluted with water, boiled, aud filtered. The filtered solution is again 
boiled, and whilst boiling poured into a very strong solution of sodic 
hydrate, the whole boiled, filtered, and washed. To the filtrate is added 
a few drops of disodic phosphate, it is then slightly acidified with hydric 
chloride, and subsequently rendered just alkaline by ammonia. The 
precipitate is collected, washed, and weighed as alumina phosphate. 

The following table will be of use in the conversion of phosphate of 
alumina into alum : — 


PhoBTiliutu of Alumina, 

Ammonia Alum, 

PotasbaAlum, 

KAl, 2 S 04 l 2 Hsj 0 . 

Farts. 

Al|<)3lW)5 


N<H 4 Al, 2 H 04 l 2 n.^ 0 . 

Parts. 

1 

= 

8-733 

4-481 

2 


7-466 

8-962 

3 

=r 

11-199 

14'443 

4 

=: 

14-932 

17-924 

5 

=: 

18-666 

22-406 

6 


22-398 

26-886 

7 

s= 

26-131 

31 -367 

8 

= 

29-864 

35-848 

9 

=: 

33*597 

40-829 

10 

=: 

37-388 

44*813 


If it is desired to separate the phosphoric acid, the phosphates of 
alumina and iron may be treated with six times their weight of sodic sul- 
phate, as before stated. Since, when operating in the usual way, the 
alumina is not recovered as alum, but as a salt of alumina, it is of import- 
ance to know whether alumina is contained in unadulterated flour, and if 
BO in what quantity. It is certain that properly cleansed wheat contains 
no trace of alumina ; but particles of clay from the ground, as well as sand 
from the millstones, do as a fact get into wheat flour, and there is no 
second-class flour in commerce which does not contain some small percent- 
age of alumina. It might be expected that this adventitious alumina 
would have so^e sort of relationship to silica, for it may be presumed to 
exist as silicate of alumina. We fortunately possess a few analyses by 
Dr. Dupre, and an elaborate research of Mr. Carter Bell, which will very 
fairly settle the question. Dr. Dupr4 analysed twelve commercial samples 
of flour, "none of which gave any reaction with the logwood test, and the 
results of the quantities of alumina and silica are as follows : — 

Alumina, SUiotj 

For cent of Alb. For eont. of Aih. 

Minimum, . . ‘63 3*08 

Maximum, . . 3‘7^ 26*91 

Mean, . . .1*98 10'4 

Mr. Carter Bell analysed no less t^an forty samples of flour, none of 
which contained alumina as alum, and the following are the main results : — 



Alumina. 

Silica. 

Patio. 

Minimum, . , 

. -008 

•009 

1 ;8-0 

Maximum, . 

. -Oil 

•109 

1 9-1 

Mean, 

. -004 

-034 

1:8-6 


Mr, also' ^analvsed tbirtnutwo samnles of bread, none ot.- 


natlo. 

1 :4‘7 
1 :7‘2 
1 ; 6‘2 



vhioh gave any reaction with tne logwooa lesij; me main resuus 



Water. 

Silica 

Iron 

Phosphate. 

Mininiuni, . 

. 40*80 

•010 

•0005 

Maximum, . 

. 49*60 

•089 

•0040 

Mean, . 

46 -SO* 

•016 

•0018 


In these last researches with relation to bread, the ratio between the 
ilica and alumina is 1 of silica to 7*1 of alumina. If the alumina is traus- 
ated into alum, the important result is obtained that the number of 
jrains of alumina, if calculated into alum, about equals the silica. Thus, 
n the mean of the thirty-two samples of flour, the alumina was 4 mgrms. 
!low *004 of alumina is equal to *035 of ammonia alum, and the silica 
s 034. Or, again, if the mean numbers of the silica and alumina of the 
;hirty-two samplei of bread are taken, there is *016 silica to *019 of the 
phosphate of alumina turned into alum. This, if calculated on the 4 lb. 
oaf, would be a little over 6 grains of alum. Hence from tliese researches 
t is clear that in cases in which the analyst finds the presence of abun in 
3 read from tests detailed, and then bums a quantity of tne bread up, and 
n the ash estimates the phosphate of alumina and the silica, it will he a 
perfectly fair calculation, to all mo fin- evmj part of silica found (m part of 
tlum, and this qwintiiy is to he deducted as natural to the flour in the final 
'alculation. 

TABLE XVII.~ luFANTB* Foods. 


1 ^-- 4 


**Alleal)ur;'i" Food* (Allen A Ban- 
bury’s, Ltd.) 

„ (1) Milk food, . . 

( 2 ) » • • 
„ (3) Malted food (to be 

mixed with milk), 
Ao^Swlss Co, milk, in Thun, . 
Benger's self-digestive food, . 

Camriok’s soluble food 

Dr. Coffin, New York, .... 
Fnoioo^wiss C^., milk food, . 

N. Oeiher’s laoto-legumlnose 

Hodiok'sfood 

Huntley dk FiAlmer's biscuit food, , 

Mellln’s food, 

Muffler’s food (Eindenuehl), 

(milk, eggt, milk sugar, alenronate, 
and dextdnated wheat flour). 
Keaiprsfarinaoeous foods, . 

NeiUd'i food (ootadensed milk iwilh 
sugar and finely divided toast),! 

, Urge's food (eontains oatmeal)^ . , 

- flttrorydkMoore’ifnod,. 

Wells, Htehardion A Co., lactated food, 


2-0 10*7 IB'O 06’6 
8'7 9-9 16-9 '70'9 


SO 10'2 
6’48 U'28 
11-29 10 43 
6-17 16'«9 
8*29 1715 
4*11 12‘9I 
0 83 16’«7, 
6*08 
6*58 

615 7*80^ 
6*68 1«*87 


2611 60-0 
47*01 20-96 
9*90 66-72 
28*11 41*32 
85*12 34-82 
48*06 34*82 
I 48*17 24 46 
< 66*89 19-96 
70*06 8*64 


44*22 j 

0*84 

74*14 

0*89 

84*7 

0*82 

76*76 

0*08 

60*84 

0*82 

62*92 

• 1*64 


0*60 .. 

0*60 1*87 n*67 .. 

0*00 0*90 0*29 0-60 
0*18 8-00 0*87 0-64 
8-02 .. 

0*02 1*44 0*61 0-80 

101 2*78 .. 

0-56 2*02 0*92 0*00 

.. I 0*88 0*24 

l 8*17 0*68 1 0*16 

0*84 2*89 0-96 0*91 


0*89 1*09 0*4S 0*12 
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Infants* Foods. 

§ 91. There are a great variety of infants’ foods in commerce. Many of 
the farinaceous are entirely unsuited to be the food of young infants. In 
the early months of life an infant is more of a carnivorous than an omni- 
vorous animal; and will digest all kinds of meat-broth, meat itself, and 
albuminous fluids with comparative ease; but if, instead of the natural 
milk of the mother, a large amount of starchy and saccharine food is given, 
so little may be digested that the infant is starved. « 

Some of the farinaceous foods, like, for example, “Polson^s Patent 
Flour,** consisting of the flour of Indian corn, are made entirely from one 
ingredient ; the majority are, however, mixtures of starchy, saccharine, 
and albuminous powders. ^ 

A few examples of infants* foods are given in the preceding Table (XVII.). 


Oats, Oatmeau 


§ 92. Of the various species of oat the Avena sativa and A vena 
oriental^ are the two chief species now cultivated ; but the varieties of 



Fza. 28 is a section of the oat, x 190 : a is the outer layer corresponding to the bran of 
wheat ; 6, the cells of the inner covering of the seed ; c, the gluten cells ; rf, starch- 
holding cells. The starch granules at B ore multiplied by 350. 


these two species, according to soil, method of cultivation, etc., are very 


numerous. 

As met with in commerce, oats consist of the seeds, enclosed in their 
pales or husk. The mean composition of the ground oats, or oatmeal, is 
as follows 


par cent. 

Water, 12*52 

N itrogenous matter 11 ‘73 

Fat 6*04 

flucar 2*22 


Dextrin and gum, . . . i . 2*04 

Starch 51*17 

Hbro, 10*83 

Ash, . . 8*06 


The nitrogenous substance is composed of gliadin and plant-casein. 
The * glia^n * (according to H. Ritthausen and IT. Ereusler) has a much 
higher percentage qf sulphur than the gliadin of wheat ; the sulphur being 
1*66 per cent, of the Bub|tauce, while wheat gliadin ^has *85 per cent, of . 



^ SABliBY, 
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lulphur. Tae plant-casein baa the composition of legnmin, Dut> tne 
properties of, gluten-casein. Von Bibra also states that oatmeal has 1 24 
to 152 per cent, of albumen. The oat possesses a greater proportion of 
fat than other cereals. The composition of the fat is as follows [K6mg\ 


Glycerin 

Oleic acid, . ; . 

Stearic and palmitic acide, , 


Per cent 
2-8 
60*6 
86*7 


Hence it follows that there is some free fatty acid.^ 
th*^ wsh of oats is as follows : — 

Fotash, • 

Soda 

Lime 

Magnesia, 

Ferric oxide, 

Phosphoric acid, 

Sulphuric acid • 

Silica, 

Chlorine, 


Tlie composition of 


Per cent. 
17*00 
2*24 
8*73 
7*06 
•67 
28*03 
1-36 
44 ‘83 
•58 


The richness of oats in oily matters and in protein compounds is an 
explanation of its great nutritive powers. ^ i i 

Adulteratioit . — The chief adulteration of oatmeal is with barley meal, 
and more than one conviction has taken place in this country for quantitiw 
of from about 15 per cent. The method of detecting and estimating this 
adulteration is wholly by microscopical means, and is detailed at page 14a 
The defence which is to he expected in prosecutions for adulterated 
oatmeal 4s, that the barley has . become mixed with the oats in an 
accidental manner. As a fact, genuine samples of oatmeal frequently 
contain other starches, such as barley, maize, etc. Should the foreign 
starches amount to above 3 per cent., such percentages have »ot been yet 
known to occur save as wilful or fraudulent admixture in oatmeal, and 
the analyst should not have the slightest hesitation in certifying and 
letting the case he tried upon its merits. 


Barlby. 


§ 93. There are several" species of barley under cultivation in this 
country, all of which may, howevei, be considered aa vari^ies of ^the 
following species of hordeum : — H. hxastichoity H, mlgare, H, zeomto^ 
and U. dutichm. It is used as a food in the form of *harley-meal, the 
grain being ground whole, and as pearl barley, the latter being the gram 
deprived of its coverings and rounded by attrition. Barley-meal i'"® 
time of Charles I. almost entirely took place of wheat m the food of 
the common people, especially in the nortii of England. The composition 
of barley-meal is as follows 


. 15*06 

Nitrogenous aubatances (albumen, 1*0 to 1 *7 per cent,), 11 /6 
Fat ,..••♦••• ^ 

Carbo-hydrates (Biaffinoae^ from ’07 to 1*0 per wnt. ) 

(O’Bullivon, Jwm, Chm^ Soc.^ xlw., 70), . 

Woody fibre, 

Ash, 

> There ie some free sod, if «ie smount of #yo^ is oprr^ ; 
was by lead oxide, which rives a lower percentage of glycerin than 

•laffinom [<(, + 1147' » • l^table sogsr, without Mtaoa <» 



,• i xnjsj^ wairusixiusi 

/ ' ■ 

The nitrogenous substances are hordein, glutenin, leucosin, 
'lobulin, and proteoses. The constituents of the ash of barley are 
A follows ; — 


Potash, 

Soda, . 

Lime, . 
Magnesia, 

Ferric oxide, 
Phosphoric acid, 
Sulpnuric acid, 
Silica, . 
Chlorine, 


Per cent. 
20-15 
2*58 
2-60 
8-62 
•97 
34*87 
1-39 
27-64 
•93 


Barley-meal is used as an adulterant of various foods, but in itself it is 
ittle tampered with. The detection of adulterations fs mainly micros- 
lopical, and the dimensions and appearances of barley-starch are described 
Lt page 143. 

Barley Bread . — Barley bread, though but little used in England, is 



fio. Sl^'ili^iaotion of barley, x 190 : a is the layer of cells forming the outer coat of 
the seed ; 5, the inner ; c, the gluten cells ; and d, the starch-holding cells. J?, 
barley starch, xS50. 


)aten in some parte of the Continent. The mean of two analyses by Von 
Bibra js as follows : — 

Per cent. 

Water, 12-89 

Nitrogenous substances 5*91 

Fat, . *90 

Sugar, . 8'95 

Carbo-hydrates, . . , ' . . . . 71*03 

Woody libre 6*68 


Bm 

§ 94. The seed of the Seade eeredle^ in the form of xye-bread, was once 
I common article of diet in England, and it is now used as the daily bread 

?ehlxng. Dilute Hj |904 reduces the p],U8 rotation, and breaks it up into reducing sugan ; 
icoorduig to O’Sullivan, the action of sulphuric acid results in suDstanoes with a rotation 
a + 48*5, and a E. of 81. Baffinose turns ;^ellow at 120^ and then rednoes Fshlina. It 
luav be omdised bv nitric acid in^ mucio a(n(L 


of the northern European nations, 
as follows : — 


Water, . . . . 

Nitrogenous subataneos, 
Fatty mattera, 

Sugar, . 

(}um, . 

Starch 
Woody fibi’o, 

Ash, . 


The mean composition of rye flour is 


Per cent. 
14-24 
10'97 
1-95 
8-88 
7-13 
58-73 
1 - 6-2 
1-48 


The nitrogenous substances in rye, according to Osborne,' are gliadin, 
4*0 per cent. ; leucosin, 0*43 per cent. ; edestin and proteose, 1 76 per cent. ; 
and proteids insoluble in salt solution, 2*44 per cent. The fat extracted 
from the rye has, aocording to Kbnig, the following composition : — 

Ter cent. 

Glycerin, 1-30 

Oleic acid 91-60 

Palmitic and stearic acida, 8-10 


It, therefore, consists only in part pf glycerides, some of the acids being 
in the free state.^ The gum, according to M. H. Eitthausen, is soluble in 
alcohol, and has the ordinary composition of gum. 

The ash of the rye-flour has, according to V. Bibra, the following com- 
position : — 

Per cent. 




Potash, , 
Soda, . 

Lime, . 
Magnesia, 

Feme oxide, , 
Phosphoric acid, 
Sulphuric acid, 
Chlorine, 


88-44 

1*75 

1*02 

7-99 

2*54# 

48-26 


The composition of fresh ryc-broad, according to twenty-seven analyses, 
from various sources, collected by Kbnig, is as follows : — 


Water, 

Nitrogenous matters, 

Minlmtun. 
Per cent. 

35-49 

Maximum. 
Per cent, 

48*67 

Mean. 

Percent 

,44*02 

. 8*49 

9*22 

6*02 

F'lt, . 

0-10 

*83 

*48 

Sugar, 

. , 1*23 

' 4*65 

2*54 

Carbo-hydrates, . 

. ; '82-82 

61*18 

45*38 

Fibre, . 

. , -29 

-89 

*80 

Ash, . . . 

. • -'St; 

8*08 

1*31 


None 01 the cereals are so liable to become ergotised as rye. [See 
Poieansy by A. Wynter Blyth.] Roasted rye has been used to adulterate 
oofiee, chicory, and otJier substances. It furnishes, by appropriate treat- 
ment, a good malt for th» distillation of spirits, and is us^ in the manu- 
facture of Hollands. 

* Jounu Anur, Chem, Soe.. 1^95, 17. 

> The fat was saponified by lead oxido. (See the (disarvations in the article on 
•OUveOa.’) 
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Rice. 


§ 96. Rice is obtained from the Oryza sativa^ and the term is popularly 
applied only to the seed denuded of husk and .inner cuticle, the composition 


of which is as follows : — 

Per cent. 

Water, U'41 

Nitrogenous aubatancse, . ..... 6*94 

Pat, I. ....... 51 

Starch, 77*61 

Woody fibre, *08 

j^sb, ......... 45 


The oil which is obtained from the rice embryo has a density of *924 at^ 
16* C., and at 5* C. becomes thick and buttery ; it contains much olein and 
an albuminous substance.^ 


The composition of the ash of rice is as follows : 


Potash, 

Soda, . 

Lime, . 
Magnesia, 

Ferric oxide, 
Phosplionc acid, 
Sul))hm’ic acid. 
Silica, . 
Chlorine, 


Pt‘r cptit. 
21*73 
6*60 
8*24 
11*20 
1 23 
53*68 
•02 
2*70 
*10 


Rice is said to be adultwated from time to time with other sUirches, 
but it is in itself so cheap that it is more likely to be used as an, adulterant 



Fia. 80 ropretients the microscopical structure of rice. The firare is s section of the 
seed, X 190. a ie the outer husk ; c, the gluten cells ; and d, the starch-holding 
cells. the starch cells, x 850. 


than tampered with. The microscopical examinationn|r» sampit^ wuuid 
easily detect any foreign matters. The size and Qhj|Pper8 of the little 
granules have been alr^y described at page 144, anen^ entirely different 
from all the other starches. A chemical method of detecting the adulteration 
of rice has been proposed by M. Van Bastolaer. It appears that a saturated 
solution of picric acid does not cause the bast precipitate in a cold watery 
extract of rice ; but if maize starch, leguminous starches, or other matters 
be present, there is a more or less abundant precipitate. The quantities 
recommended are 20 grms. of the powdered rice steeped for an hour in 100 
grms. of water, and then the infusion decanted ; to this infusion the picrio- 
acid test is opplied. 

^ A Pftveai and E. ifotondi. (hsisUa (7AM(»/iSa^ndisiv., 192>19A 


§ 96 '.]''' MAaK. 

Maize. 


§ 96. Maize, or Indian corn (Zea Mays), a native of tropical America, 
is extensively cultivated in America, Africa, Southern Europe, Germany, 
and other countries. It is ordinarily met with as the India corn meal of 
the shops, and forms the basis of many ‘ infants’ foods ’ ; its use appears to 
be on the increase. According to analyses of A. Kiohe and A. H. Cliuroh, 
maize has the following composition : — 

A. RlOHR. A. II. (iHURfiH.l 
Per cent. Per cent. 


Water, . 
Albuminoids, . 
Starch, . 

Dextrin and sugar, 
Oil, 

Collulo^, 

Ash, 


17*1 

12*6 

12*8 

9*5 

69*01 

1*6J 

70*7 

7*0 

3*6 

1*6 

2*0 

1*1 

1*7 


Maize coiiUiins a proteid soluble in 70 per cent, alcohol “zein.” Zein 
is similar to gliadin, but on acid hydi-olysis the products show considerable 
differences (T. 13. Osborne and Clapp, Amer. Jour, of PAyaiol.), 1908, xx. 

According to Kiinig, the fatty matter of the maize contains 6 ‘46 per 
jcnt. of glycerin, 79*87 per cent, of oleic acid, and 16*14 per cent, of 



stearic and palmitic acid. The mean composition of the ash from nine 
analyses of maize is as follows ; — 

Per cent 


Potash, 21*73 

Soda, . 5*50 

Time, ... ..... 8*20 

Magnesia, .11*20 

Ferric oxide 1*23 

Phosphoric acid . 68 ’08 

Sulphuric acid, ‘62 

Silica, 2*74 

Chlorine, . . ‘10 


100*00 


An aqueous decoction. q{ maize gives with a little iodine a peculiar 
reddish-purple colour. On placing the iodised decoction in the dark, after 
some eight to twelve hours the precipitate becomes dirty white, and the 
supernatant fluid milky ; if an excess of iodine is added the precipitate is 
then red, but it also becomes decolorised in the dark. Maize is said to 


1 The mean of several analyses'of whole Indian grownenaize. 
HUon. 1886. 66. 


AW Grains of India, 
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be occaBlonally adulterated with potato starohes, etc. ; these a microscopical 
-examination will at once detect. M. G^nin has given certain chemical 
reactions, based upon the different hues which mixtures of maize and 
potato starch assume when treated with iodine, and also a process based 
on the volume wliioh a precipitate obtained by lead acetate in an alkaline 
extract occu])ies in pure and adulterated samples. These processes are, 
however, far too loose to be of any service. 


Millet. 

§ 97. The millet seeds are derived from two species of panicum, 
Panicum miliaceum and Panicum. italicum. It is extensively used among 
the Chinese and Eastern races as an article of diet, and ijbs nutritive power 
is about equal to that of rice.^ The average composition of millet deprived 
of its coverings, according to six analyses, is as follows (Kiinig) : — 


Per cent. 

Water, 11*26 

Nitrogenous substaiico, . . . . , , 11*29 

Kat, * . . . 3*56 

Sa^r, 1*18 

Dextiin and gum, 6*06 

Starch, 60*09 

Cellulose 4*26 

Ash, 2*31 

The composition of the ash of the millet deprived of husk is as follows : — 

Per cent? 

Potash 18*36 

S^, 3*82 

Lime, • . I • « . . . ( ,,i 

Magnesia, .21*44 

Ferriooxido, 1*82 

Phosphoric acid, 44*21 

Sulphuric acid, 2*02 

Silica 8*33 


Potato, 


§ 98, The oheraioal composition of the uncooked potato is, according to 
the anafysis of some fair average tubers, as follows: — 

•Percent 

Water, , . , 76*00 

Starch 19*68 

Sugar, ' ; . 1*20 

Albumen,*'^ *70 

Gum, ‘40 

Asparagln, *80 

Fat, ,..,••••• *30 

. Solanin, . . *06 * 

Other nitrogenous substances *15 

Insoluble matter, *40 

Ash, V* • * • • • • • ■ *82 

,100 *00 


- in me ' Dictionary of Hygiene,* by one of the authors, will be found a mmadcable ; 
experiment on the nutntive qualities of millet. 

^ The albumen, according to K Sobultze and % £hpl4r {Imdw, Verswhfi. 8t(^ 
xxrii., 857), varies in different kinds ftnm *65 to 1 *1 9 per oent^ 
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A summary of seventy analyses, determining the principal constituents 
of the potato, is given by Konig as follows : — ^ 


Water, .... 
Niti'ogenous Ruhstauces, . 

Miulinnm. 

68*29 

Maximum, 

82*22 

Mean. 

76*77 

*61 

8*60 

1-79 

Fatty matters, . . . 

•05 

•80 

•16 

Starch 

12*05 

26-57 

20*56 

Woody fibre, , . . 

•27 

1*40 

•75 

Ash, .... 

•42 

1*46 

•97 


, It is thus seen that, according to all analyses, some 95 per cent, of the 
potato is water and starch. The nitrogen of the potato, which, according 
to the old method of analysis, would be reckoned into albumen, or, at all 
events, into protein substance, is derived from albumen, asparagiu, solanin, 
xanthine, leuciu, and tyrosin. It has been calculated that about 56 poi 
cent, of the total nitrogen is derived from asparagin and amido acids — a 
fact which must be remembered in diet calculations. 

Besides the constituents enumerated, there are certain organic acids in 
the potato which may be extracted in small quantities by sulphuric acid 
and ether. Among these are citric and succinic acids, and possibly the 
presence of these organic acids in part accounts for the antiscorbutic powei 
possessed by the potato. Siewert has also found from *017 to *057 poi 
cent, of oxalic acid. 

The composition of the ash of the potato, according to fifty-three 
analyses by E. Wolff, is as follows: — 


Potash, .... 

Mtulmum. 

43-95 

Maximum. 

78*61 

Mean. 

60*37 

Soda, .... 

"•51 

16*93 

•2*0*2 

Lime, .... 

6*28 

2*67 

Magnesia, 

1*32 

13-58 

4*09 

Ferric oxide, . 

*04 

7*18 


Phosphoric acid, 

Sulphuric acid, 

8*39 

27*14 

i7*;;3 

•44 

14*89 

6*49 

Silica, .... 


8*11 

2*13 

Chlorine, .... 

’•86 

10*76 

3*11 

Percentage of ash in dried 
substance, 

2*20 

5*30 

8*77 


The potato is very subject to a fungus disease, the life-history of which 
has been very fully elucidated by various’ observers, and more especially 
by Worthington G. Smith. The fungus is named botanioally Peronospora 
infestans, and the manner in which it grows, and its method of repro- 
duction, is shown in the annexed woodcut (fig. 32). 

The figure represents the very highly magnified section of a potato 
leaf, and the mycelium of the peronoe|K)ra growing among the cells. A, A 
are the natural hairs of the potato leaf : B, B are the upper and lower 
layers of the healthy cells. The threads and bodies at G, D, E, F, and G 
belong entirely to the fungus. The fine thread at 0 is a direct continua- 
tion of tbj spawn or mycelium living inside, and at the expense of the 
leaf tissue. Emerging into the air, the thread is seen to bear two distinct, 
species of fruit — one, D called simple spores or gonidia, while at E F 
are what are known as * swarm spores,' The swarm spores, when moistened, 
set free fifteen or sixteen bodies, known as zoo-spores,' so named because 
they are endowed with sptirraatozoa-like motion, being furnished with two 
lash-like tails, which they move with great rapidity. A zoo-Sf^e, when if^ 
&11b on a leaf, has a surp^ing power of coijroding the epidermis, 
entering into the tissue. 'H^is ^«^oa is prooably due to some speeiid 
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j seoreted by the zoo spore. When movement ceases, thft’ dis- 

apj)car, and 9 J^inute 
thread is at 

one end, which develops 
into a network 
celium. Both these 
methods of pi’odu^^on are 
asexual; but ther) is a 
third method whiJ^ is 
sexual, and the morciin- 
portant, because, in th:. 
case, there are structures 
formed which resist frost 
and a vajriety of influences 
destructive of the former 
fragile striictiires. This 
third method is the pro- 
duction of oospores by 
the conjunction of two 
organs — the one named 
antheridimHi and analo- 
gous to the anther of a 
flower, and the other 
oogonium, analogous to 
the ovary of a flower. 
The oospores §re dark- 
brown in colour, reticu- 
lated, and covered with 
little waity prominences 
about *001 inch in dia- 
moter.i 

Analynh of the Potato. 
— Since the potato is 
mainly composed of water 
and starch, a careful de- 
Pjq 32 . termination of those sub- 

stances by the processes 
already enumerated will bo snincient for most purposes. For those in 



^ The i’eruvians make a national dish from frozen potatoes, which they call *chuno.’ 
The potatoes are stecjxjd for a little while in water, then exposed for a few days to sharp 
frost, washed, and mbbod. By this method the peel becomes detached, and the starchy 
matters are dried in the sun or in an oven. The dried hard tubere are cut in thin slices 
and baked, and eaten with the addition of Spanish }»epper. An analysis by Meisel 
( Wagtier's JahrcsbericM der dicmisch. Tcrhwl., 1881) is as follows 


Water 

Per cent. 
18'03Q 

Starch, 

81*844 

Nitrogenous matter, . 

2*813 

Woody fibre, .... 

1‘133 

Fat, 

*182 

Ash 

*366 

fiblnblA constituents in water, * 

1*142- 


( Total nitrogen, '4 %. 

( Nitrogen soluble in water, *08 %. 


*400 sugar. 

'141 asparagin. 

*G01 soluble starch, dextrin, 
soluble ash constituents, etc. 



which great accuracy is not required, it will be sufficient to take 
specific gravity of the potato, and then refer to the following table. Thii 
table, for fairly good potatoes, will give results of from within *3 to *5 pei 
cent, of the true value; but with regard to tubers poor in starch ther( 
may be a much larger error. 

TABLE XVIIa.— Showing THE Pbkcbntaqb ok Stakch and Dhy Substanob 

COHUE8PONDING TO VaEIOUS SPECIFIC GbAVITIES. 


Bpeclflc 
• Gravity. 

Dry 

Substance. 

Starch. 

Sped bo 
Gravity. 

Dry 

Substance. ' 

Starch. 

1*080 

19*7 

13*9 

1*120 

28*3 

22*6 

1*081 

19*9 

14*1 

1121 

28*5 

22*7 

1*082 

«‘ 20*1 

14*3 

1122 

28*7 

22*9 

1*083 

20*3 

14*5 

1*123 

28*9 

231 

1*084 

20*5 

14*7 

1124 

291 

23*3 

1 * 08.5 

20*7 

14*9 

1125 

29*3 

28*5 

1*080 

20*9 

15*1 

1 * T 26 

29*5 

23*7 

1*087 

21*2 

15*4 

1127 

29*8 

24*0 

1*088 

21*4 

15*6 

1128 

30*0 

24*2 

1*089 

21*6 

15*8 

1129 

30*2 

24*4 

1*090 

21*8 

16*0 

1130 

30*4 

24*6 

1*091 

22*0 

16*2 

1131 

30*6 

24*8 

1*092 

• 22*2 

16*4 

1 132 

30*8 

25*0 

1*093 

22*4 

16*6 

1133 

31*0 

25*2 

1*094 

22*7 

16*9 

1134 

81*3 

25*5 

1*095 

22*9 

17*1 

1*135 

31 *6 

25*7 

1 * 0^6 

23*1 

17*3 

1136 

81*7 

25*9 

1 * 09 # 

23*3 

17*6 

1137 

81*9 

261 

1*098 

23*5 

17*7 

1138 

32 1 

26*8 

1*099 

28*7 

17*9 

1189 

82*3 

26*6 

1*100 

‘ 24*0 

18*2 

1 140 

82*6 

26*7 

1*101 

•24 *2 

18*4 

1141 

82*7 

27*0 

1 *102 

24*4 

18*6 

1142 

83 * 0 . 

27*2 

1*103 

24'6 

18*8 

1143 

33*2 * 

27*4 

1*104 

24*8 

19*0 

1144 

83*4 

27*6 

1*105 

26*0 

19*2 

1145 

33*6 

27*8 

1*106 

25*2 

19*4 

1*146 

38*8 

28*0 

1*107 

25*5 

19*7 

1147 

841 

28*3 

1*108 

25*7 

19*9 

1*148 

84*3 

28*6 

1*109 

25*9 

20*1 

1149 

84*6 

28*7 

1*110 

261 

20*8 

1150 

34*7 

28*9 

1*111 

26*8 

20 5 

1 151 

84*9 

29*1 

1*112 

26*6 

20*7 

11.52 

361 

29*3 

1*113 

26*7 

20*9 

1*153 

35*4 

29*6 

1*114 

26*9 

211 

1*154 

85*6 

29*8 

1*115 

27*2 

21*4 

1155 

35*8 

30*0 

1*116 

27*4 1 

21*6 

1156 

86*0 

80*2 

1*117 

27*6 I 

21*8 

1157 

36*2 

30*4 

1*118 

27*8 

22*0 

1168 

86*4 

30*6 

1*119 

38*0 

22*2 

1169 

36*6 

80*8 


Pbas. 

§ 99. The pea is, without doubt, the most important of all tl 
leguminous plants. The garden pea is derived from the Pimm sativm 
a native of the south of Europe, but long naturalised in this countr 
The field pea, grown for the purpose of feeding cattle is the Pim\ 
arvense. 
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Forty-one analyses collected by Kbuig give the following values : — 


Maximun. Minimum. Mean. 


Water 22*12 11*01 

Nitrogenous substance,^ , , 27*14 18*56 

Fat 3*30 *64 

Nitrogcuous free extractive matter, 59*38 41*90 

Woody tibro, .... 10*00 2*22 

Ash, 3*49 1*76 


14*31 

22*03 

1*72 

53*24 

6*45 

2*65 


The 53*24 jier cent, of non-nitrogenoua soluble matter is- composed of 
36*03 starch, 5*51 dextriu, and 11*70 other substances, among which is 
some sugar. Cholesterin is also found in peas, but there have been no 
researches as to its exact quantity. The most important principle of the 
pea is ‘legumin.’ Its amount varies in different species. Thus, H. 
Ritthausen found in the green field pea, 3*95 ])cr ceift. ; in the yellow, 
9 ‘46, and in the grey, 7*30 per cent. ; in the gai-den pea, 5*40 per cent. 

In the young unripe condition, peas contain much more water than the 
proportions given above. Thus, Grouven found in young unripe peas and 
beans the following : — 

Green Peaa. Green Iteuns. 


Water, .... 

, . 79*74 

91*84 

Carbo-liydrates, . , . 

. . 13*08 

5*99 

Albuminoids, . . . 

6*06 

2*04 

Salts, 

1*12 

*63 


According to the researches of T. B. Osborne and J. Harris,* the proteids 
of the pea are three in number, and may be separated by fractional pre* 
cipitation of a sodium chloride solution by means of ammoniune sulphate. 
The three are (1) legumin, which is a globulin not coagulable at 100“ C., 
containing 17*75 per cent, nitrogen and 0*46 per cent, sulphur ; (2) vicilin, a 
similar substance, but coagulable at 96“ ; it contains 17*16 per cent. N, and 
small quantities of sulphur, 0'08 per cent, to 0*2 per cent. ; (3) legumelin, 
an albumin coagulating below 80* and resembling the leucosin of wheat. 

The analysis of the ash of peas gives the following as the extremes and 
mean of twenty-nine analyses : — 



Minimum. 

Maximum. 

Mean. 

Potash, . 

. 86*80 

51*41 

42*79 

Soda, 


8*67 

*96 

Lime, 

2**21 

7*90 

4*99 

Magnesia, 

6*80 

18*02 

7*96 

Fenio oxide, . 


8*88 

•86 

Phosphoric acid. 

,* 29*80 

44*41 

86*43 

Sulphuric acid, 

. ... 

9*46 

8*61 

Silica, 

. 

8*02 . 

*86 

Chlorine, . 


6*50 

1*54 


Peas, when putrid, undergo some peculiar change not yet investigated, 
resulting in the formation of a poison, perhaps similar to the cadaveric 
, poisons.* 

' Some nitrogen determinations by C. Bbhner {VerBuch, Slat., xzviil, 247-262), in 
' which ammonia, amido acids, and other products were differentiated, are follows 
‘ Total nitrogen in dried peas, 4*69 p^ cent ; nitrogen os albumen, 8*56 ( =22*5 per oent. 

^ albuminoids); nitrogen as ammmiia, *020; nitingen as amido-acid amides, *052 per 
, oent ; nitrogen as amido acid, *361 ; nitrogen as peptones, *097 per cent 

• Jotim, Biol, Chem>,t 1907, 8. 

* Some years ago a case of wholesale poisoning from this oause oconrred in 
SalfonL Many persons who had partaken of slightly decomposed peas exhibited 

. symptoms of irritant poisoning. The peas were chemically examined, but contained 
^ aaither axaetdo, copper, lead, n^ other metallic poison. [Pham. Jowm. (3), 294.] The/ 
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For the general analysiB of peas, the water, the ash, and tlie amount of 
starchy matters are estimated by the processes already detailed. To 
separate the legumin, the peas must be powdered, or, if fresh, mashed into 
a paste, and treated with successive quantities of cold water, which may 
bo advantageously feebly alkaline, but must not have the least trace of 
acid. The legumin may now be precipitated by acetic acid, the precipitate 
dissolved in weak potash, again precipitated, and then dried and weighed. 
r.egumin is almost insoluble in cold or warm water ; but since it may be 
extracted so easily from the fresh seeds, it is supposed to be in combination 
with phosphates of the alkalies when in its natural condition. But it is 
easily soluble in diluted alkaline liquids, and also readily dissolves in a 
solution of alkaline phosphates ; if boiled it becomes insoluble in alkalies. 
Pure alkaline solution of legumin shows, with a little cupric sulphate, a 
beautiful violet cqjour. If impurities are present, such as gum or starch, 
the colour is blue. On boiling the alkaline solution, the legumin does not 
coagulate, but, as in the boiling of milk, a scum of altered legumin appears 
on the surface. 

g 100. Presen'ved Peas. — Copper in Peas , — Peas are preserved in several 
ways, sometimes by simply drying, when they form the well-known dried peas 
of the shops. But the more modem method is to heat the peas in a suitable 
tin capable of being hermetically sealed. The sealing is effected while the 
tin with its contents is at a high temperature. The rationale of the 
process is, that putrefying germs existing on the surface of the peas are 
destroyed, and fresh putrefactive agencies are prevented from gaining 
access by the exclusion of air. Peas so preserved may, as proved bj 
analysis, be quite as nutritious as fresh peas. Preserved peas have ofter 
undergone a preparatory treatment by boiling in copper vessels, the object 
of wliich is to impart a fine green colour. 

Tia* reason why vegetables preserve their green colour when treated by coi>|)er is 
accontiijg to Tschii-oli,^ owing to the formation of a compound of copiJei with phyllocyanu 
ai id (^ 3411 * 1 ^ 204 ). riiyllocyauate of copiier has the composition (G 24 H,^N 204 ) 20 u. an( 
contains 8 '55 per cent copucr ; it is insoluble in water, but soluble in strong alcohol am 
chloroform ; it is not soluble in dilute acetic nor in dilute or concentrated hydrochlorii 
acid. Its alcoholic solution gives an absoiption spectrum characterised by four bands. 


subject of the formation of new and i)oisonoiia substances in such an article of food woul( 
W'ell repay investigation. 

In Germany there has been used a condensed food made up of powdered and drie( 
moat, incorpomted with pea-meal, by strong presBure ; it ia scarcely necessary to say 
that in this manner a food invaluable for the soldier is obtained, and one that contain 
in a ver^ small compass all the essentials of nourishment An analysis of these pea-mea 
tablets Is as follows ; — 

Percent. 

Water 12*09 

Nitrogenous matters, . . . . , . 31*18 

Fat, 8*08 

Carbo-hydrates 47*50 

Ash, 6*16 


A condensed pea soup is also prepared. Two analyses of this condensed* soup, given b 
Kbnig, are os follows 

!• 2 « 


Water, .... 
Nitrogenous matters, . 

Fat, 

Carbo-hydrates, . 

Woody fibre, . * . 

Ash, ..... 

^ Boff ATuji^er. 


7*58 8*08 

. . 16*98 15*81 

8*98 24*41 

. . 58*44 86*78 

. . 1*84 1*69 

. * 11*78 IS’fiO 

Stuttgart, bos. 
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TBchinh has ^own that although copper phyllocjauate is so insoluble in acids, yei 
‘when administered to animals it produces the same effects as equal quantities of coppei 
given as the soluble tartrate ; at tlie same time he considers that so small a quantity o: 
coptwr added as will produce phyllocyanate only would probably not be injurious U 
health. 

M. Guillemare and M. Lecourt have, however, now j^tonted a process by which 
chlorophyll has been substituted for the objectionable copj)ering The copper that has 
hitheito been found in tinned ])cas has amounted to about 2 grains to 2*0 ^'ains in the 
pound tin, and the question arises whether the co]>per is injurious to health in this 
proportion or not In the })Tosecutiou8 whicli have been instituted, it is obvious that 
men of considerable scientific reputation have expressed strong opinions on the subject ; 
nevertheless, the whole of the injurious action of coppered peas rests entirely on theory, 
and in no single instance (although the consumption of coppered peas has been very lar^) 
has any really definite case been brought forwam of actual poisoning by peas coloured in 
this way, licgrif has found in the intestine of a healthy man *036 to '040 gnn. of 
copper ; i and Messrs. Paul end Kingzett have shown that, even when a soluble compound, 
like sulphate of copjier, is ingested, most of it is excreted by the heces. 

Some addition to exact knowledge as to the quantity of copper necessary 
to impart a green colour to peas, and also as to the action of copi»ered peas 
upon the human organism, has been made by Dr. F. W. Tunnicliffe ^ for 
the Departmental Committee appointed in 1899 to inquire into the use of 
preservatives and colouring matters in foods. 

After actually viewing the process of greening by copper in use by 
maimfacturors, experiments were made by Ixiiling definite quantities of 
copper sulphate with weighed quantities of peas, and the following results 
were obtained ; — 

1 part of copper sulphate boiled with 7960 of peas yielded poaa containing on analysis 
18*7 mgi'ms. copper jicr kilo. 

1 part boiled with 3976 ditto., 38 mgrms. Gu. 

1 „ 1667 „ 44 ragnns. Cu. 

1 „ 1987 M 72 mgrma. Cu. 

1 ,, 774 „ 90 mgrms. Cu. 

So that usually there was some relation between the copper added and the 
copper absorl^d by the peas. Tunnicliffe concluded that mgrms. of 
copper absorbed per kilo, was sufficient to impart a permanent and 
adequate greenness to peas. 

This quantity is half of that permitted by the law of France and Italy 
(100 mgrms. per kilo.). 

Experiments were also made upon a child as to the effect of the 
ingestion of coppered peas and as to how much of the copper was excreted. 
Since copper is normally present in other foods, the child was given a 
uniform diet during the whole period of observation (32 days). 

The^following table summarises the results obtained : — 

^ is a period of eight days during which the uniform diet was taken without peas or 
copper, save what copi)er may have been in the standard diet. 

S, A period of two days, in which fresh nneoppered peas were taken in quantities of 
. 200 grms. per day, in order to eliminate any effect on the intestines of })eas as peas. 

C* A period of two days, in which 200 grms. each day of were commercially 
greened with copper and previously analysed, 

J). A period of two days, in which the same amount of sulphate of coppr was added 
to fre^ peas after they were boiled and just befoi’e they were eaten. Thu experiment 
, was devils to ascertain any differences there might be between copper in the form of 
phyUo-pyanate and albnminatc and cornier mainly as a mineral salt. 

e,/, and g were subsequent periods of eight, four, nnd six days respectively, during 
which no coppered peas were eaten, but in which the excreta were aualysea and the 
" copper estimated. 

1 SonnCnsohein. 

^ Appendix Na 6, 804, 805. Appendix No. 7, 312, Departmental Committee on 
Pteservatives. London, 1901. • 
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TABLE XVIIb.— Showing thb Relation between the Ingestion and Excretion 
OF Copper during the various periods, expressed in Mokmb. per Day. 



Mgrm. Cu excreted. 

Total 

excretion. 

Total 
lugeBted 
with peas. 

Mgrni. Cu 
retained. 

Per cent 

Cu excreted 
In feeces- 

Fcdcch. 

Urine. 

A 

0*29 


0*29 




B 

0*72 

trace. 

0*72 

6‘k 



C 

10-79 

0-03 

10-82 

14-0 

3-18 

77 ’ 

D 

7-45 

0 03 

7-48 

22-06 

14-69 

34 

0 

1-42 

0-08 

1-48 



... 

f 

0-67 

0‘08 

0-65 

... 

• e. 


S 

0-35 


... 

... 
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The table shows that iiiiniediately after the ingestion of the coppered 
peas the excretion rose, and no less than 77 per cent, was excreted with 
the heces, and therefore never entered the body at all. The remaining 
quantity was probably absorbed into the system, and stored up in the 
liver. That is to say, the small amount of 3 mgrms. was absorbed into 
the blood. On the other hand, when the mineral copper sulphate was so 
mixed with the food that very little of it could have combined with 
albuminous matters, then the excretion by the feeces was only 34 per cent., 
while over 14 mgrms. entered the blood. 

These experiments, therefore, fully bear out the statements made in 
former editions of this work, viz., that there must be a distinction drawn 
between dbpper in organic combination and copper taken as a mineral 
salt. 

Nevertheless, a majority of the Committee recommended “ That the use 
of copper salts in the so-called greening of preserved foods be prohibited.” 

Dr. Tunniclifie, a member of the Committee, dissented frofn this recom- 
mendation, and suggested That a limitation should be placed on the 
amount, that ** the presence of copper in these preserved vegetables be in 
every case declared, and that its amount be restricted to half a grain oi 
metallic copper per lb.” 

The method of detecting copper in peas is as follows: — A weighed 
quantity of the peas is burned to an ash in a muffle, the ash is dissolved 
in hydrochloric acid, the acid solution evaporated to dryness, and then 
taken up with nitric acid, filtered, and submitted with the precautions and 
under the conditions detailed at p. 112, to the galvanic current 

Tiuned peas may contain traces of tin. The process for the detection of tin is ai 
follows A sufficient quantitv of the peas is incinerated in a platinum dish, the ash ii 
heated with strong hydiio chloride, and evaporated nearly to dryness ; a little water ii 
then added, boiled, and the solution filtered. This method of extraction is ropeatec 
once or twice. The solution is now saturated with bydric sulphide, and any yellow pre 
cipitate filfered off. This should present the characters of sulphide of tin. Tin nai 
l>Mn found, according to Mr. Hehner,^ geneially in tinned goods to the amount of 1( 
m^rms. in the English ]H)und, and it has been supposed, without adequate proof, t 
exist as a stannous hydrate, a tin compound which is pedsonous. 

No prosecution has hitherto taken place with regard to tin in preservec 
goods; and in such small quantities as have hitherto been found, it ii 
very questionable — ^presuming the tin to exist as stannous hydrate— 
whether any injury would result 

> AwOyst, 1880, p. 218.* 





Chinese Peas. 


§ 101. A pea or beau, much used in China in the form of cheese, is the 
Soya Impida} Its composition, according to G. H. Pellet, is as follows : — 



1. 

2 . 

8 . 

Water, 

Nitrogenous matters (ooagulable 

9 '000 

10*160 

9*740 

nitrogen, 6*25), 

35*500 

27*750 

31 *750 

Starch, dextrin, and sugar, . 

3*210 

8*210 

3*210 

Cellulose 

11*6.50 

11*650 

11*660 

Ammonia, 

•290 

•274 

*304 

Sulphuric acid, .... 

•065 

*234 

*141 

Phosphoric acid, .... 

1*415 

1'6B4 

1*631 

Chlorine, 

*036 

*035 

*037 

Potash, 

2*137 

2*204 

2*317 

Lime, ...... 

•432 

•316 

*230 

Magnesia, 

*397 

•315 

•435 

Substances inscdiiblo in acids, 

•052 

•055 

•061 

Not estimated mineral substances, 

*077 

*104 

•247 

Difi'oreut organic matters, 

16'289 

25*639 

24*127 


Lentils. 


§ 102. The lentil ia the seed of the Ervum lens^ one of the Leguminosie. 
Lentils are grown and eaten in all parts of the civilised world, and are 
highly nutritious. They contain, according to H. Ritthausen, 5*9 per 
cent, of legumin, and their general composition is as follows « 

Ter cent. 


Water 12'51 

Nitrogenous substances, , , . . . 24 '81 

Fat, 1 ’85 

Carbo-hydrates, . 54 '78 

Woody fibre, ..... 3 '58 

Ash, . 2'47 


The general composition of the ash is as follows : — 


Per cent. 

Potash, 84 '76 

Soda, 13 ‘50 

liime, ... 0*34 

Magnet, 2 '47 

Ferrio ojcide, 2*00' 

Phosphoric acid, #86*80 

Chlorine, . * 4*68 


^ The pea-cheose is considered, in China and Japan, a very important food. The 
. peas {Soya hUpida) are soaked in water for about 24 hours, then strained ; the^ are next 
ground to a thin Mste with some of the water whi(di has been put on one ride. The 
grinding is efieeted by a mill. The matters are filtered, and the filtrate is oonoentrated 
. % beat ; and after skimming onoe or twice is cooled, the casein cesgulated by plaster, 
and a salt, which apmars to be chloride of .magnesium, added, l^e cheese is greyish- 
V white, and has the fmlowing general composition : — 


Per cent. 

Water, • » . 90*87 

Fatty matters, ..••••• 2*86 

Nitrogen, • . 

Ash, . , *76 


Stanislaus JuHen at It Paul CSbampioSpi 
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Bban»$. 


§ 103. The beans eaten in this country are mostly the kidney bean, 
PJiaseohis mlgare, and the broad bean, Vida faba. The following is the 
average composition of these vegetables : — 


Water, 



Broad bean. Kidney bean. 

14*34 18*60 

Nitrogenous substances, 



23*66 

28*12 

Fat, .... 



1*63 

2 ’28 

Carbo-hydrates, . 



49*25 

53*63 

Woody fibi’e, 



7*47 

3*84 

Ash, .... 



8*15 

3*63 

The percentage composition of the ash of 

these diflerent beans hiis the 

following coinpositlou : — 

Potash, . . 



Broad bean, Kidney bean. 

42*49 44*01 

Soda, .... 



1*34 

1*40 

Lime, 



4*73 

6*38 

Magnesia, . . 



7*08 

7*41 

Ferric oxide, 



*57 

*32 

Phosphoric acid, 



38*74 

36*00 

Sulphuric acid, . 



2*58 

4*06 

Silica, 



•73 

*67 

Chlorine, . 



1*67 

•86 


From both the broad and the kidney bean a small q\iantity of 
cboksterin can be separated. According to Bitthauscn, the legumin of 
the kidne^ bean has a composition different from that of other legumins ; 
for while t!^ percentage of nitrogen in pea and millet legumin amounts to 
16'77 jjil^fint., that of kidney bean legumm has only 14*71 per cent. 
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MILK, CREAM, BUTTER, CHEESE. 




PART IV.-~MILK, CREAM, BUTTER, CHEESE. 


MILK. 

Historical Introdttotion. 

§ 104. Before the birth of experimental philosophy, the origin rather 
than the composition of substances was the subject of inquiry, and of 
fanciful and more or less ingenious conjecture. Milk to the ancient, as 
well as to the modern world, was a fluid of great virtue. Aristotle aflirmed, 
‘ Lac cst nantfuis cancocitis^ non m'rupius* which may be translated, Milk i» 
(iahoraffid^ not blood — an opinion identical with that held by 

nineteen th^entury philosophers. 

Averroos, Avicenna, and others, reasoning in part from the difficulty 
with which many females conceive while suckling, held that milk was 
altered menstrual blood. Avicenna, indeed, formularised t))is doctrine by 
declaring that the menstrual blood of the pregnant was divided into three 
pans — part going to nourish the foetus, part ascending to the breasts, and 
the remainder being an exorementitious product. These opinions may be 
traced to writers of a much later, almost modem epoch. The ancients 
were acquainted with only three constituents of milk— viz., butter, with 
wliich they used to anoint their infants ; casein, which they precipitated 
with vinegar ; and the whey from which the curd and butter had separated, 
and this, up to tlie early part of the sixteenth century, constituted the whole 
of what was knowm as to the composition of milk. Placitus enumerates 
no more constituents than Avicenna, but devotes several pages to the then 
all-important question as to whether milk was hot, cofe,- or moist, and 
concludes that animal milk, as compared with that of human, is cold, 
human with that of animal, hot. Placitus^ was an upholder of the 
menstrual theory. Fanthaleon ^ similai’ly cites with approval the dictum 
that milk is a fluid superfluity^ twice concocted in the breasts, and gravely 
discourses, as stoted, whether 4t is hot or cold.^ . He ^cognises three parts 
only in m^lk — viz., serum, butter, and curd. His treatise is mainly 

^ Sexti PlacitiPapyriensis : Ik Jfatura et Usu Lactis, mdxxxviii. It would appear, 
according to this author, that theCiermans in his time used the milk of oil animals, for 
he enumerates the milk not only of cows, mares, and goats, hot also of pigs. 

* SunumLaetiniwrum, 1628 . 

* There are eeveral other treatisee on milk about this epoch, but they nearly all, as, 

%. for eiraple, that of Geenpr (Libdlus ds. £aete st Operibus Laetan/us, auth. Oonxado 
t Oeenero, Medico), coneiet of commentaries on Ihe opimona gf older wxitsn, and are of no 
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composed of references to the ancients, and the usual disputations as to 
whether milk is hot or cold. The first mention of a fourth constituent of 
milk occurs in a curious work by Bartoletus, published in 1 61 9. Bartoletus ^ 
called it the ‘ manna ’ of milk, or ‘ nitrmi mri lactia.* In his days sulphur, 
mercury, and a saline principle, were considered as the three active cssei^ces 
of all things, and as existing in all things ; hence, Jkirtoletus, from the 
yellow colour of butter referred it to a sulphur principle, the whey, doubtless 
from its mobility, to quicksilver, and the curd to a saline element. He 
then compares milk with blood, also com]>osod of a sulphurated, saline, and 
mercurial principle.^ The discovery of Ikxrtoletus for a long time was not 
known beyond Italy. A French apothecary, named Bartholomew Martin, 
writing in 1706,® enumerates the constituents of milk as three — butter, 
analogous to sulphur, serum to mercury, and cheese to salt ; but was not 
acquainted with milk-sugar, although eight years before Ludovico Testi ^ 
had written an entire treatise on it, calling it by the name it now bears. 

In the early part of the eighteenth century, Leeuwenhoek discovered 
the microscopical characters of milk. He saw that it was a fluid containing 
many globules. Some, which he judged to be of a buttery nature, rose to 
the top of the liquid j and others, again, rather sank to the bottom, and 
wore evidently different in composition.^’ Some twenty years later, A. 
Donn4, in his Goiira Mieroftaapiqitet^ published some beautiful plates of 
several kinds of milk, fresh and sour, human and animal, exhibiting the 
globules, etc., drawn to S(5ale with wonderful accuracy. 

§ 105. In the early part of the eighteenth centiiry flourished the school 
of the illustrious master Boerhaave, who laid the foundations of animal 
ehemistry. Boerhaave saw in milk the most perfect food, and to him it , 
was a fluid containing, wrapt up in mystery, all the elements of the body. 
Hence he laid the greatest stress on the importance of its study, and without 
doubt his example and teaoliing were the immediate cause of the numerous 
experiments carried out by his disciples, Vullyanoz, Doorschodt, and others. 
Boerhaave says — 

“ An animal is composed of matter which was not that animal before, but is chan^d 
into it by the vital power of the animal. . . . Milk, therefore, appears to be the lirst 
thing to M examined, for this is a true chyle, and much less diluted with the lym:i)h tlian 
the ^yle when poured into subclavian vein, and therefore approaches nearer to the 
aliment. It has flowed through the veins, the heart, the lungs, and the arteries, and 
therefore has been mixed With all the juices, and being afterwards separated by the 
particular structure of the breasts, it may bo collected and examined apart. Milk is a 
liquor prepared from the aliment chewed in the mouth, digested in the stomach, 
perfected by the force and juices of the intestines, and elaborated by moans of the 
mesentery and its glands and juices, and the juioes'of the thoracic duct ; it has undergone 
some actions of the veins, arteries, heart, Ituigs, and juices, and begun to bo assimilated, 


1 Bartoletus was an Itdian physician, a professor at Bologna and IMantua, B. 1586, 
D. 1630. His work is entitled, Enoye^peedia Hermetico-Dogi^atwa aive Orhia 
JMrinarum, Physiologiccc, Semioticas, d Therapmtica. Bononia, 1619, 4to. The quarto 
is little over 800 pages, and is divided into five parts, vis. , (1.) Physiology, (2.) Hygiene, 
(8.) Pathology, (4.) Semiotics, and (6.) Therapeutics. 

* * ‘ EiUm in laete videre eat, in qw aeroaaportio mercuriali liquori; butyroaa aulphurece 
etueoaa v&ro aalvne suitkantice re^idet, Ita in aanguine alia aulphuraoe, alia aaliw. 
alia mareurialof afubataidias propartionalUer 

* Traits du LaU, par Barth. Martin, Apothicaire, Paris, 1706. 

' * Mdeeione wnrnnmdeU Zuochero di LaUe, 1698. 

B Lettera, tome ii., 4to edition, 1722. 

* Cours de Mieroaoopie, 8vo, Paris, 1844 ; AUaa, in folio, Paris, 1^6. 

' “ The Practice of Chemistry,” toanslatw ftfom BoerhoAve’s SkmkvUa Clumiiea By 

Peter Shaw, 3i.D. 2nd ei c liond. 1741, 2 vols. , 4to. 




§ 106.] ' tmODTJ<)T«)N. 

yet may be had separate and discbax;^ out of the body. And thus, by their own mC 
prejMired fi*om the projwr matter of the chyle, all the known animals that have milk a 
nourished, both mule and female ; for milk is always prepared from the chyle as well i 
men as in women, as well in virgins and barren women as in mothers and nurses. When 
every such animal consists, is noun'slicd, and lives on its own jToiwr milk, and from th 
alone preitaros all the other parts, both the solid and fluid, by mourns of the vital action 
It is now certain that men may live for years upon milk alone, and prfoim all tl 
actions of life, and have all the solid and fluid paits of their bodies pertectly claboiat< 
thereby. The serum, therefore, the blood, the lymph, the spirits, bones, cartilage 
membmies, and vessels, proceed h’om milk, and if a man may live for yeara upon mil 
alone, milk must contain in itself the matter of all the parts of the human body.^* 

•Boerbaave api)ears to have tested milk with a great variety of reagent 
and found that it was curdled by all acids, whether nitric, acetic, hydr 
chloric or sulphuric, or by acid vegetable juices. He also distilled milk, at: 
found that it gave no spirit on distillation. “ It also appears not to contai 
any trace of Balino {flatter, being inodorous and perfectly insipid, and causin 
no pain if dropped into the eye.** On boiling milk with alkalies, Bocrliaai 
was the first to notice the yellow colour caused by the decomposition of tl 
sugar. He thought that a similar change took place in fevers, for 1 
notices the yellow milk of feverish women, and warns the physician that 1 
must not suppose the yellowness to be caused by an acid, but rather by a 
alkaline tendency, and by too much heat. Boerhaave paid particuli 
attention to the state of the milk in fevers and infectious diseases ; “ and i 
the last contagion among the cows, whilst their meat remained in tl 
stomach, and w-as neither discharged upwards by ruminating nor expelk 
downwards, and therefore truly putrefied with the violent degree of hea 
80 that the stomach w'as almost scorched with heat, as we explained tl 
thing . . • . Then the milk grew sharp, yellow, somewhat foetid, and th 
in the dug, and in this form was either milked out or dropped spontaneously. 
He also condemned the use of milk from heated or improperly fed animals, 
or those sufteriug from fever, and remarked that it would be found of a 
fcetirl urinous odour, yellow in colour, thin, of a saline ungrateful taste, and 
acquiring, after a time, an odour of rancid cheese.^ 

§ 106, Bperhaave, so far as is known, made no quantitative determination 
of any of the constituents of milk ; hut a very early attempt is found in a 
research undertaken by Geoftroy, published in 1737.* This experimenter 
took 12 lbs. of milk, and after coagulating the fiuid, heated it gently over 
the fire, in order to separate the coagulum more completely. The liquid 
was now filtered, and the serum and c'oagulum both weighed. The serum 
weighed 8 lbs., the coagulum 2 lbs, 7 ozs. The serum was then evaporated 
to dryness, and left a residue weighing 7 ozs. 24 grains; in other words, it 
amounted to 5*2 per cent. ; and since it must have been mainly composed 
of milk-sugar and salts, the determinaHon is almost as exact as that of any 
analysis of the present day. He now appears to have distilled the residue, 
and obtained empyreumatic products, and a * caput mmiuurn* * from wliich 
he extracted soluble salts bylixiviation, and among these ^Its he recognised 
chloride oi' sodiuih by its cubical crystals. 

DobrscLodt^ experimented on milk, possibly uuder the immediate super- 
int^dence of Boerhaave ; for he distilled it^ and poticed that the distillate 

^ A work by Dumoncliaux, .aboat the period of the Boerhaave school, De Lacte 
Mammarmi et Petrus J. Dumonchaux, Duoci, 1754. oontains nothing new 

about the compoution of milk, but merely cites the opinions of others. 

® Ccrnimeimi Litwaritm ad ite Mtdim et Seimtiai NoluraXia Inenmmtwn 
> lifMiMfbumt etc., 1737. 

* The caput mortuwm was the hame of any residue lefUifter distillation in the retort 

* Henrious Dooisohodt; Xh Lcaste, 17$7. 




ran neither aoid nor alkaline, concluding, hence, that water alone was 
londenaed, and that there was no other volatile principle. He also boiled 
he milk with alkalies, and details with great precision the successive changes 
)f colour. 1 £e appears to have been the first to notice that alcohol coagulates 
nilk, and also that it may be prcsei*vod by borax and other antiseptics. ' 

§ 107. M. Viillyanoz, another disciplo of lloorhaave, published a tract,* 
n 1756, on the essential salt of milk, which tended greatly to spread a 
inowledge of the substance discovered by Bartolotus, and described so fully 
ay Testi the Italian, It would appear from his treatise that sugar of milk 
was then an article of commerce, but that there was great difficulty'- in 
oreparing it white and pure. “ There is in Switzerland a chemist named 
ureuzius who has composed the •ialt admirably, but unfortunately he will 
aot impart his secret to any one. This is the more vexatious, because the 
lalt he is proprietor of is infinitely finer than the otjiers; it is whiter, 
sweeter, and dissolves better oh the tongue.” The method used in the 
lime of Vullyanoz was simple evaporation, but he complains that the 
product was often ‘sour,’ and was not the same as the Swiss sugar. 
Vullyanoz established the fact that all herbivorous animals, as well as 
women, gave sugar of milk j he also investigated the solubility, and found 
it insoluble in hot alcohol, in spirits of amuionia, and in very pure aqua 
fortis, etc. Noticing that it effervesced with nitric aoid, he made experi- 
ments which proved it to be a neutral salt, and thence drew an analogy 
between milk-sugar and soap, concluding that the latter contained an oil 
and also an acid, that it could be fermented, and that on distillation it 
yielded an acid, and was decomposed by sulphuric acid.® 

§ 108, The next important paper on milk in order of time; is that of 
Voltelenus,® important because his experiments were quantitative. He 
took 42 ozs. of cows’ milk and distilled it. The process was conducted 
very carefully, and occupied many days, and, as may be expected, was 
very troublesome, from the irregular bursts of ebullition. By the fifth day 
he obtained 29 ozs. of distillate * Aqm Lactis Destiflata ’ ; in other words, 
his determination of water was 69 per cent., much below the truth. The 
residue in the retort weighed 2 ozs. 3 drma., and effervesced with alkalies. 
He now increased the fire, and obtained an unctuous oil, weighing 14 drms., 
mixed with what ho calls an oily spirituous matter, acid, acrid, and like 
the spirit from guaiacum wood. The carbon in the retort weighed 10 drms., 
but on burning to an ash it weighed 3. The ash, boiled with water, left 2 
drms.^ insoluble. In other words, he determined the ash to be *89 per cent., and 
the soluble portion *31 per cent. Hence, Voltelenus most certainly made a 
correct determination of the amount of saline matters in milk, and was 
probably the first who did so. Voltelenus next made a similar experiment 
with women’s milk, taking 32 ozs., from which, in thirteen days, he had . 
distilled over 31 ozs. 6 drms. of odourless liquid. Here, unfortunately, his 
retort broke ; but he concluded that human milk is reived by fire into much 
water and spirit ; a double oil, a double salt, fixed and warffi alkali and earth, 
to which may be added a * spintus mi generis* He refers to sug&r of milk, and 

1 ** Sar le ael ettentiel de Lsit. ’* Far M. Vullyonoe, Docteur en M^deoine & Lausanne. 

** Beoueil P^iiodiqne, Observations de M4deeine, Ohirnigie, Fharmade,” etc. Par kl. 
Vandermonde, 1766, 

" ’ Subse(meat to the work ed Vullyanoz appeared a treatiseon milk*8ugar, ** Abhandhing 
vom Miloh-Zuoker,” Braunschweig, 1772, oy 0. B. laohenstein, who considered it on . 
earthy salt, and called it m nmiam, ^ : 

. * noris Jacobi Voltileniu De DsxU UwMm ejusqm enm Aetna et OvUlo 
nora&ions. etc. TiiiiHin. ^ 





affirms that he has separated a similar substance from human milk. The saine 
process was applied to asses’ milk) 32 ozs. being distilled over a sand-bath in 
three days. On the first day a lactescent distillate came over, in quantity 
amounting to 1 oz. 17 drms. 1 scr. ; on the second day, a more limpid 
liquid, amotmting to 19 ozs. 4 drms. ; and oii the third day there came 
over 6 ozs. 1 drm. 1 scr. of a feebly acid liquid ; by the fourth day he had 
to increase the heat, and obtained a black opaque oil, which separated on 
standing into three parts — a thick substance, a thinner, and what he calls 
a spirit. The carbon in the retort was weighed and then burnt. The ash 
weighed 3 drms., and on lixiviation the insoluble portiqn weighed 2 drms. 
1 scr. He made precisely similar experiments on the milk of the sheep-— 
identified salt, determined the amount of ash, etc. He thus came to the 
conclusion that all milk had the same constituents. 

§ 109. Schoepfl^ in a very learned paper, ^ containing full references to the 
works of his predecessors, was the first who noticed the yellow colour of the 
whey — ‘ liquidem colore diluti citrinum.’ He crystalliseil milk-sugar, and 
determined its amount with fair accuracy ; but did not know exactly what 
it was, for the crystals were of a yellow colour, and reddened syrup of 
violets ; hence they were probably contaminated with lactic acid and 
oolouring-matter.2 One of the last workers on the chemistry of milk, prior 
to the nineteenth century, was Scheele, who discovered lactic acid, and 
established that phosphate of lime was always present in the casein. Ho 
considered, in fact, that the casein formed with lime a true combination, 
the proportion between the two being from 1 to I’S per cent, of calcium 
phosphate to every 100 parts of dried casein.® Experiments similar to 
those recorded were undertaken by Hoffman, who determined the total 
solids of cows’ milk to be 13*5 per cent,; of asses, 9*5 ; goats about 10 
per cent. ; and of human, 9. He exhausted the total solids by water, and 
evaporated and weighed the soluble matter thus extracted, but no accurate 
result followed; and, indeed, it is very difficult to dissolve out n«lk-Bugar and 
salts fully from the milk solids, unless they have been previously deprived 
of their fat, Caspar Neumann repeated and enlarged the experiments of 
Hoffman ; he made out that cows’ milk contained 14 per cent, of total 
solids, and he also distilled milk as well as butter. From 16 ozs. of fresh 
butter, distilled in a retort, at first over a sand-bath, and afterwards over 
an open fire, there arose 1 oz. of liquor of no remarkable smell or taste ; 1 
oz, and half a drm. of a reddish acidulous liquor, which smelt like burnt 
butter ; I drm. of a brownish-yellow oil ; 3 ozs. 3 drms. of a yellow oil ; 1 
oz. 6 drms. of a white, and 5J drms. of a yellowish-brown oil-all of a 
thick butyraceouB consistence, and a volatile smell like tiiat of horse-radish ; 
and 1 oz. 6 drms. of a thin empyreumatic oil, which smelt like the Oleum 
phUosopkorumj that is, old olive oil distilled over from bricks There was 
not the least mark of any volatile alkali in the whole process. The 
mortuum weighed 3J drms.* 


^ Specimen /nougwate ChemiGO-medieum de Variis Laclitt Buhuli ScUibiis aliinque 
Suhntantiiu n ^jusdem parte Aquosa CotUmtis^ etc. Ludoricus Augustus Schoopff, 1784. 


in the proportion of 7 to 8 grains per pint Ileaume: Diet de Chinm, ii., 1<78, 488. 
Bouelliam denied that the crystals were those of sea-salt, but considered them “ sails 

lacU ejuequs Aeida: Nom Acta Acad. JReg. Sped. Anni 1780; OpuacuUt 
CAemica., vol. Il, p}>. . , , , ^ 

* “Th6 Chemical Works of Oui)ar Nonmaun,” abridged and methodised, by Wm. 
^Imna . Lond. 1778. , . , . • 





TUVm: THEIK COMJPOSirioK AND AKiLYSIS. ' [§ iW. 


The Composition of Cows* Milk. 

§ 110. Up to the present time the milk of the mammalia alone has been 
fully analysed. This has been found to consist of water, a peculiar sugar, 
albuminous bodies, a small amount of saline matter, and an emulsified fat. 
The milk of every class of animals has iiot^ however, yet been examined 
completely ; and although it may be presumed, on physiological grounds, 
that all milks contain qualitatively identical or analogous ingredients to 
those of the cow, yet this bis been by no means proved. Cows’ milk may 
bo considered first, as its composition is more completely known ^ than 
that of any other milk.^ 

Cows’ milk consists of matters partly in solution,® and partly in sus- 
pension ; sugar of milk, casein, peptones, lactochromp, saline matters, 
and minute quantities of several other substances are dissolved in water, 
whilst milk-fat is apparently emulsified, and a portion of the casein is in 
the form of extremely fine gmnules, which can only bo arrested by 
filtration through porous earthenware, or a similar filtering medium. 
When a very thin layer of healthy milk is examined by a microscope, the 
milk-fat alone is visible, and appears in the form of innumerable globules, 
the number of globules depending on its richness in fat. Thus M. 
Bouchut found in different samples of milk the following varying 
numbers : — 


Olobulea iu a cubic millimetre. 

BpociQc gravity. 

Fat per litre. 

1102600 

1022 

24 

1820000 

1021 

21 

1925500 

1030 

26 

2105000 

1028 

29 

2205000 

1032 

37 

2305000 

1028 

29 

2205000 

1082 

37 

2400000 

1030 

37 

2407000 

1033 

34 

2692000 

1030 

29 

8700000 

1030 

34 


It would hence appear that good milk contains from about two to three 
and a half millions of globules in every cubic millimetre. It has hitherto 
•been taught that the globules are surrounded by a thin pellicle or 
membrane, and, as a proof of tho existence of this membrane, the fact is 
usually cited that, if you shake up milk with ether, scarcely any of the fat 
dissolves unless a little acetic acid is first added, which’ is supposed to act 
by dissolving the hypothetical membrane ; hilt it may be shown that the 
fat can be extracted from milk by shaking ether, provided that the 
volume of ether to that of the milk be excessive. Furtlier, the globules 
are coloured by aniline red,^ and their behaviour with moderate quantities 
of ether may be ascribed to the acids destroying the emulsifying property 


I The milk of the biilfalo (Mos hihaXus) has, however, been invtsBtlgated eomewhat 
' minutely by A. Pappel and H. Droop Richmond, Jowm, Olmi, Soe.^ Ivii., p. 752, 

^ The onemistry of the milk-secreting glands has scaroely been investigated. Bert 
(( 702 . 1879, K. 12) states tliat me gland contains a peculiar body which easily 

aplitt up with the production of a sugar by boiling with dilute sulphuric acid, or even 
■unply with water. 

■ The specific gravity of the whey of milk is from 1*0280 to 1’0802 at 16*‘6 {Vieth), 

* De Sinely ; Arch* dc 1874, 497. 





o[ line miiit. isur oau oue unuerswuiu, on me 'memorane' meory, now— 
when milk in thin layers is dried at the ordinary t-emperaturo 6f the air, 
and under conditions which involve no destniction of the membrane, , 
should this exist — to account for the fact that ether so readily dissolves 
the butter fat. Hoppe-Seyler^ has indeed, by estimation of the proportion 
existing between the water and casein in cream, considered that a casein 
layer exists round fat globules; yet this must be so thin as not to be 
capable of estimation by weight. From these various facts the existence 
of the membrane is still doubtful. 

• §111. Amphioteric Heaetum of Milk. — Milk when tested immediately 
after its removal from the cow, has a peculiar action on litmus and 
turmeric paper, turning litmus blue and turmeric brown, — the so-called 
' Amphiotenc Reaction J On this point alone, although of no great im- 
portance, there is a most voluminous literature.^ The amphioteric reaction 
of milk is similar \o that shown by a solution of magnesium-hydric phos- 
phate to which a little acid has been added, and is probably due to the 
acid phosphate of the alkalies existing in milk. It must also not be lost 
sight of, that there is a continuous development of COg in milk, which 
gas in solution is always present; and this being the case, its feeble acid 
reaction must have an influence on the total reaction derived from other 
substances. Milk ultimately becomes decidedly acid, and has a constant 
tendency to acidity.^ 

§ 112. Total Solids of Milk. — The amount of solid matter in milk 
varies within considerable limits, and is much influenced by all circum- 
stances that affect the health and nutrition of the cow, certain cows 
secreting Rouble and treble the normal amount of fat. The remark just 
made refers to the entire residue mimis the water ; but if we subtract the 
water n,8 well as the fat, then the percentage of solid matter varies but 
little,' and in healthy, fairly-fed cows does not, siive in exceptional cases, 
fall below 8 ’5 per cent. This very important fact, formerly much disputed, 
lias been (or ought to have been) set at rest by the results obtained in the 
experiments of so many chemists, that it is scarcely worth wliile reviewing 
the evidence on which it is based. The numerous analyses of Wanklyn, 
Carter Bell, Vieth, and others tend rather to show that the true lowest 
percentage of milk solids, minus fat and water, is 8’9 per cent. The 
highest amount of the same solids which the authors have yet found in 
the secretion from healthy animals reaches to about 11 per cent., so that 
at most there is on extreme fluctuation between 8*6 and 1 1 per cent. — a 
remarkable fact, which a priori would have been pronounced improbable, 
considering the complex nature of milk. 

§ 113. iMilk-Fod.—VxjLt^^ dry milk-fat is at ordinary temperatures a 
solid Fatty substance, with an agreeable taste, of speciflo gravity *9223 to 
•9377 at IS* C., *91200 to *91400 at 37 7 0. [lOO** Fahr.]; its melting 
point is 35* *8 C. Milk-fat, under the form of butter, is constantly tinted 
more or less yellow from dissolved iactochrome ; but it may, by the use of 
suitable s(.l vents, be obtained almost colourless. 

' Archiv fUr path, AnatoTO., bd. xvy., s. 417, 1859. 
e.g,, Kritisches u. ThatsKohlich«s tiber die Keootion der frischen Milch, b^ 
J. Schlossberger, Annal. der Ohm. u, Pkarm.^ Ixxxvdl, 817, 1852 ; Idm.^ *cvi., 76. 
Also a i)aj>er by Vogel, /oum, fUr prakt. Cheni,, 1874, viii, 187, “TJeber doe Ver- 
halten der Milch sum Lackmue Farbetoffe.** 

• According to 0. Arnold, Arch. Pharm, [3], m., 41, 42, fresh unboiled milk gives a 

1 blue colour to tincture pfguaiaoumi sour mine ^vos the saime reaction, -but not milk 
'i / whi^ has been boiled. * 



According to Wigner, from 1000 volumes pure fat expands at 37**7 C. 
[100* Fahr.] to 1,047*2 at 100“ C. [212* Fahr.j, its average expansion being 
*00076 for every degree Centigrade.^ This is, however, not perfectly 
accurate for the degrees between 65**5 C. [150® Fahr.] and 87“ *7 C. 
[190* Fahr.], the oxpinsion being slightly in excess of the average rate; 
but the abnormal deviation between these degrees does not appear to be 
peculiar to milk-fat.^ 1 grm. of the fat requires for saturation 227*3 
mgrms. of potassium hydrate (KHO). This observation (originating with 
Dr. Koettstorfer ®) has been utilised by the food-analyst in the distinguish- 
ing between butter and other fats. ^ 

§ 114. Milk-fat is essentially an intimate mixture of the glycerides of 
the fatty acids —palmitic, stearic, and oleic— not soluble in water, and also 
of the glycerides of certain soluble volatile fatty acids, of which butyric is 
the chief, and caproic, caprylic, and capric acids minor constituents. 

Palmitiiif or THpalmitiriy OaHrXC,„HgjOA, is a wh'ite solid fat, little 
soluble in cold, but readily soluble in hot alcohol or ether. A mixture of 
stearin and palmitin crystallises in little needle-like tufts, and was at one 
time considered a definite single fat, and called margann. On saponifying 
palmitin by moans of an alkali and subsequent decomposition, it yields 
glycerin, and 95*28 per cent, of its weight of palmitic acid. 

Palmitic Acid (Oj^Hg^Og) has a melting point of about 62“ C. It may 
be obtained in quantity from palm oil, and also from the saponification of 
spermaceti. When purified by repeated crystallisation from alcohol, it is 
a tasteless white fat, crystallising in tufts of needles. 

Sieann, or Tii8teari% C8H5(Ci8H8502)8, is a white solid fat, melting at 
about 66“ C., and is a special constituent of fats with high meltjng points. 
On saponification and subsequent decomposition of the soap by a suitable 
acid, 95*73 per cent, of stearic acid may be obtained. 

Stearic Acid^ OiglIggOg. — This acid is to be found in nearly all animal 
fats as well as in a few vegetable fats. Stearic acid is an article of 
commerce, and made upon a large scale, especially in the manufacture of 
stearin candles. For this purpose, animal fats are saponified by hydrate 
of lime ; the lime compound is subsequently decomposed by dilute sulphuric 
acid, and the mixture of oleic, palmitic, and stearic acids submitted to 
strong pressure ; by this means, the oleic acid is separated, and a mixture 
of palmitic and stearic acids obtained, which in commerce is known as 
stearin. From this commercial stearin, stearic acid may be obtained by 
solution in alcohol and fractional precipitation by acetate of lead or barium, 
the stearate of lead or barium, as the case may be, separating before the 
igalmitate. On decomposing the salt with sulphuric ^id, and dissolving 
„ boiling alcohol, stearic acid crystallises, as the solution cools, 

as elK^ glistening needles or leaflets, which appear under the microscope 
If losengo plates. The melting point of stearic acid is 69**4 G, 

feel greasy ** crystallises in needles. It is without odour or taste, does not 
other, fro^^ ™ touch, and dissolves in all proportions in boiling alcohol 
i OlMn^ or separates on cooling. 

sists of olein C8E5(Ci8H^02)8.— Ovw 40 per cent, of milk-fat con- 

’ “'‘h is a combination of oleic acid with glycerin, and is at all 

I ^lea gives the diffe. 

Oa the Ratio of E?®®* ^ *00062. 

Ko. 48, v. 288. by Heat of Battei>&t, by G. W. Wigner, F,C.S., 

* xfew Methou for the 

Amlyd^ K 89, 1879, n. 106 ^ Hatter for Foreign Fats, by Dr. Koettstorfer, 
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ordinary temperatures a fluid oil, solidifying about 5* C., at nrsc colourless, 
but soon becoming yellow from absorption of oxygen. It has the power of 
readily and copiously dissolving palmitin and stearin, and is soluble iu 
absolute alcohol or ether. On decomposition, olein yields 95*70 per cent, 
of oleic acid, CjgHg^Oj. 

Pure oleic acid is difficult to obtain, since it so readily oxidises. When 
perfectly pure, it is without colour, taste, or smell, and has all the appear- 
ance of a colourless oil ; at a low temperature (4" C.), it crystallises in 
needles ; on destructive distillation, among a variety of gaseous and liquid 
products, it yields an acid known as sebacio acid (CjoHjgO^), which is a con- 
stant product when any oil containing oloic acid is destructively distilled. 
Oleic acid forms two classes of salts, normal and acid. The normal oleates 
of the alkalies are soluble in water, but the other salts of oleic acid are 
insoluble iu water^ no exception being found oven in the case of the acid 
salts of the alkalies. The oleates of lead and copper are soluble in ether, 
as well as iu cold anhydrous alcohol. The analyst takes advantage of this 
fact to separate the oleates of lead and copper from the stearates and 
palmitates, which are insoluble iu ether. 

Butyrin^ Cajrroinf GaitryUn and llutylin have not yet been separated iu 
a pure state ; they yield on saponification butyric, caproic, caprylic, and 
ratio acids respectively. 

Butyrin Acid, 04 HgO 2 . — There are two butyric acids, one, normal butyi'ic 
acid, CgH^COOH, boiling point 163**4 C., specific gravity *9817 at 0"; the 
other, isobutyrio acid, C(CHg) 2 H.COOH, boiling point 154“ C., specific 
gravity *8698 at 0" 0. The latter has a less offensive odour than normal 
butyric a^id. Butyric acid is found in several plants, such as the locust 
bean, the fruits of the Sapindus sapomria^ in the Tarmrmdus indica^ the 
Anthemis mbilisy the Tanacetum vulyare^ Arnica montana, the fruit of the 
Gingico hilohoy and prol)ably several other plants. Butj||ic acid is the 
characteristic fatty acid of butter, and butter fat contains from 3 to 4 per 
cent, of it. Butyric acid is volatile, and may be distilled unchanged ; it 
is also soluble in all proportions in water, alcohol, and ether. Most of the 
salts are soluble ; baric butyrate crystallises in long prisms with four atoms 
of water ; zincic butyrate in anhydrous pearly tables, which are remarkably 
soluble ; cupric butymte is bluish-green, and but sparingly soluble. Calcic 
butyrate is a very characteristic salt, for it is more soluble in cold than in 
boiling water, consequently, when a solution is boiled some of the salt is 
precipitated. The most characteristic reaction of butyric acid is its easy 
etherification by treatment with sulphuric acid and alcohol In this way is 
formed butyric ether, which has a powerful smell resembling that of pine- 
apples. Its specific gravity is *902, and boiling point 119" C. 

Caproic Add^ CgHjgOg. — There ore two caproic acids, the one, normal 
caproic acid, CgHuCOOH, boiling point 205" C. ; the other, isocaproio acid, 
C 8 (CH 8 ) 2 HgCOOH, boiling point 129“ to 200“ C. Caproic acid occurs in a 
very large number of plants, and has been found in human perspiration 
and in chOese. It is almost insoluble in water, is volatile, and may be 
distilled unchanged. The caproate of silver is in large thin plates, almost 
insoluble in water, and but slightly sensitive to light. The caproate of 
barium is soluble. 

Paprylic Add, fusing point 68“ C., boiling point 236“ C. 

The amount of caprylic acid" in butter is very small It is slightly soluble 
in boiling water. 

Butic Acid, white taystaUine aftlid^ fusing about 29“'5 C. 
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This acid, in combination with glycerin, also occurs in very minute quantity 
in milk-fat. It is even less soluble than caprylic acid. 

ill). The Alhuminoids of Milh . — The albuminoids of milk comprise 
at least three principles, — viz., casein, albumen, and nuclein. To these a 
fonrtli substance used to he added— viz., lacto-protein ; but this, as the 
authors have Kho\Mi,i is not a simple substance, and it is probable that it 
is a mixture of peptones. Casein appears but little, if at all, different from 
alkali-albuminate, the minor differences which exist being, with probability, 
ascribed to impurities. It is true that when milk is filtered through a 
porous cell, casein, for the most part, is left behind ; while, if a solutiorf of 
alkali-albuminate is similarly treated, it passes through. Experiment has, 
however, shown that a solution of alkali-albuminate shaken up with 
butter fat behaves exactly like casein ; and similarly, Soxhlet has proved 
that a concentrated solution of sodic carbonate precipitates both casein 
and alkali-filbuminato, provided they arc under the same conditions, 
and that it does not (as asserted by Zahn) leave alkali-albuminate in 
solution.2 

Hoppe-Scyler 2 does not adopt altogether this view; for although he 
states that without doubt no other albuminoid, in its properties, stands so 
near casein as alkali-albuminate, yet the notable difference in its power of 
rotating a ray of polarised light, and its behaviour to rennet, separates 
casein as a distinct substance. The casein of either cows' or goats' milk, 
not only in acid fluids, but in perfectly neutral solutions, is coagulated by 
gastric juice or a watery extract of the stomach. This coagulation takes 
place slowly at common temperatures, rapidly on warming ; and the cause 
of it, according to Harnmersten, is a body distinct from pepsin. • Hammer- 
sten finds that the casein of cows' milk, in the absence of lime salts, is 
coagulated by the addition of an acid, but not by rennet. A solution of 
casein which "has been precipitated by an acid, run into lime w^ater 
neutralised by very dilute phosphoric acid, quickly coagulates on the 
addition of rennet, but without rennet neither on the addition. of an acid, 
nor on boiling. Harnmersten considers that the chemical change produced 
in the coagulation of casein by rennet, is the splitting up of the casein into 
two bodies, one of which is precipitate, and an albuminoid, which remains 
in solution, and is neither precipitated by boiling, nor by any of the 
following reagents — acetic acid, potassio ferrocyanide, or nitric acid ; but 
is precipitated by mercuric chloride, and also by Millon's reagent. 

Casein is precipitated by a variety of substances— load acetate, cupric 
: sulphate, alum, mercuric chloride, tannic acid, rennet, sulphate of magnesia, 
and mineral acids, if not too dilute ; but none of these precipitate casein in 
a pure state, the precipitate usually containing fat> nuclein, and phosphate 
of lime, the latter, as already stated (p. 193), in the proportion of from 1 to 
. I'fi.per cent, of casein. The best precipitant is sulphate of magnesia, 
which leaves the nuclein to a great extent in solution. The fat may 
^ then be extracted by ether ; but the phosphate of lime is in true combina- 
; tion with the casein, and only a portion of it can be removed., A solution 
of casein in combination with sulphate of magnesia, and freed from fat, 
^ turns a ray of polarised light in dilute alkaline solution, [a\j, ~ 87* ; in 
/ strong alkaline solution, [a\j^ - 91". Pure casein is a perfectly white, 

^ Composltioo of Cows’ Milk in Health and Disease, Jowrtu Ckem. 8oe.^ 1879. 

\ ® Beitrdge zur physiologiscben Obemie der Milch, by Dr, F. Soxhlet . Jcwmal fike 

CAmts, vol. vi., p. 1, 1872. 

® Hoppo^Seyler, PhysUdogvKhe p. 980. 
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brittle, transparent substance, insoluble in water, but soluble in very dilute ' 

alkaline solution; in each case there 
IS httle doubt that a true chemical combination is formed. The presence 
in a solution of casein (as, for example, in the milk 
Itself), prevente the precipitation by simple neutralisation by an acid, the 
^sein not faJbng down until the acidity of the liquid is decided. It hw 
teen shown by bohutzenterger tliat, on sealing up casein in a tube and 
heating with baiyta water, it tehaves like albumen, and is resolved into 
the followmg substances The elements of urea (ammonia and carbon 
diexide) tm^ of sulphurous acid, of sulphuretted hydrogen, df oxalic and 
acetic acid^ tyrosi^ C„HjjNOj, the amido-acids of the series C„II,„.,NO~ - 
corr^iionding to the fatty acids, C,H2,.0„ from amidcHnnanthylic wid to 
amido-pi-opiomc acid-leucin C„H„NO„ tetain, C.H„NO^ Ind aniido- 
butyric acid, with a few less known or idcntiLd products. 

Many of these substances may be identified in putrid milk. 

The amount of casein in milk is fairly constant, being about 3-0 per 
cent . ; and the authors have never known it exceed 5 per cent. 

Serum-albumm occurs in milk, in no respect differing from the albumen 
of the blood. By careful addition of an alkali, this albumen may be 
chaii^ed into alkali-albuminate- -that is, into casein ; therefore, according 
to this view, the albumen in milk may be considered the residue of an 
incomplete reaction. Albumen is not precipitated by acetic, carbonic, 
phosphoric, or tartiiric acids. A small quantity of a dilute mineral acid 
does not precipitate ; with a larger quantity of concentrated mineral acid 
the solution becomes turbid, andaho deviation of a ray of polarised light 
increased^ a still larger quantity of acid precipitates it as acid albumen, 
ine best method to obtain a solution of pure albumen is to precipitate a 
solution by basic acetate of lead, pass carbon dioxide through the mixture, 
separate the carbonate of lead by filtration, and, lastly, pm through it 
hydric sulphide, to remove the trace of le^ still existing. Albumen is 
then m solution, but on adding a little acetic acid, and evaporating, it 
may ^ be obtained in the solid state contaminated slightly with acetic 

Another method of obtaining albumen pure is by dialysis. The 
physical characters of solid albumen differ according to the method of 
separation. Albumen obtained by dialysis is in the form of a yellow 
transparent mass, Bpecitic gravity J '3U; but albumen separated in the 
ordinary wy from milk, for the purpose of quantitative determination, is 
in j^llowish flakes, brittle, without taste or smell, insoluble in water, 
alcohol and ether, soluble m dilute caustic alkali, if gently warmed, and 
from this alkaline solution preoipitfeble by an acid. The amount of 
^bumen m milk is really fairly constant, and averages *4 per cent. 

In healthy cows it is a veiy constant quantity, the chief deviation 
occurring directly after calving, when the amount may rise as high as 3 
per oenfi,, but this is always accompanied by a corresponding rise in the 
casein. According to the authors’ experience, the albumen preserves 
very constantly the above relation to the casein; so that if either the 
^ount of casein or albumen is known, tho one may be calculated from 
the other with great accuracy. 

^ detected the presence of 

wDumen in nnlk. He estjiiiated the amount m cows’ milk os *59 per cent Diwrtatio ' 

Chmican. C. Aug. Meggenhofen. 
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Nuclein . — Nuclein is the organic phosphorus coiijpjund of milk, 
containing, according to Micschcr, 9 ‘6 per cent, of phosphorus. Its 
formula is CgpH^gNQpijOog. It is by no means peculiar to milk, but has 
^en found in the blood, in pus, in the yolk of eggs, in the liver cells, and 
in yeast cells. Wlieu freshly precipitated, it is a w liite amorphous body, 
somewhat soluble in water ; freely soluble in annnoiiia, soda solution, and 
phosphate of soda. The special tost distinguishing nuclein from other 
albuminoids is the presence of phosphorus, and the production of no violet 
colour, either by Millon’s reagent, or by a copper salt, added to a solution 
of nuclein alkaliscd by sodc. lye ; it forms a very definite compound with 
lead, the lead and phosphorus being in the proportion of Pb to P. 

Tho method adopted by Ilojjpe-Soylcr ^ to sepamte nuclein from pus, was itiulatiou of 
the pus oclls by Glauber’s salts, washing with very dilute hydroehloiic acid and much 
water ; then extracting Uio nuclein by the aid of a very weak alkaVno solution of caustic 
soda, and iilteiing (which in this case proves a troublesome operation), and pTeci]>itating 
by a minoiwl acid. The precipitate is again dissolved in weak alkaline solution, and 
af^in precipitated, and tlie process repeated until tho nuclein is BUi)po8ed to be in a 
fairly pure condition. Nuclem may be separated from milk on tho same prinei}»lea, first 
exhausting the solids by alcohol and ether to I’cmove fat. 

§ 116. Milk-sugar, so far as is known, is 

only found in human milk, tlie milk of the herhivora, and of the bitch. It 
is easily distinguished from other sugars; its specific gravity is 1*53 ; and its 
solution turns a ray of polarised light to the right at 20“ C. [a]/>« + 62 53“, 
but with anhydrous milk-sugar -1-65*3“. 

The s^arate researches* of Erdmann ^ and Schmmgor* have shown tlie existence of 
four modifications of milk'SUgar, exhibiting a dilforent rotation ti) normal sugar, viz, 

1. Ciystallisod milk-sugar exhibiting in solution strong bi-rotation. 2. Anliydrous milk- 
sugar obtained by dehydi-atiiig crystallised sugar at 180*!, showing in solution also strong 
bi-rotation. 8. Anhydrous milk-sugar obtained by quickly eva]>omting a solution of 
milk-sugar in the i)reseuce of sand, or other finely divided substance, so as to ensure a 
large surface j the solution shows slight bi-rotation. 4. Anhydrous milk-sugar evaporated 
down from a solution quickly, but without the addition of sand or other substance. All 
these modifications are at once transformed into milk-sugai* of normal rotation by boiling 
their solutions, or gradually, without the application of heat. 

Milk-sugar is soluble in six parts of cold, aud 2*6 parts of boiliug water ; 
it is iusoluble in absolute alcohol and in perfectly dry ether, but in dilute 
alcohol and commercial ether it is slightly soluble, the solubility in 
amount depending mainly on the percentage of water which the ether oon- 
»tains. At 150“ C. it loses an atom of water without further decomposition ; 
its watery solution is perfectly neutral, and has a sweet taste: the 
sweetening power of milk-sugar as compared with cane sugar is but 
feeble. 

It reduces Fehling’s copper solution in a proportion different from that 
^f grape sugar (see § 141). Milk-sugar undergoes lactic fermentation 
readily (see § 179), btit alcoholic with some difficulty. Milk-sugar is pre- 
cipitated by acetate of lead and ammonia ; neutral acetate of lead, even at 
a boiling temperature, neither precipitates nor changes it. The oxides of 
copper, of bismuth, and silver are reduced by solutions of milk-sugar, and 
indigo is decolorised ; these latter reactions are similar to those of grape 
sugar. When oxidised by nitric acid, milk-sugar yields muclc acid, acetic 

1 Med. Chem. UiUer8uch.f Hoppe^Seyler, Berlin, 4 Heft 

* Berieht d. d. ehm. GeedU.. 2180^2184. 

* xUl, 1IRM981. 



Acid, and tartaric acids, and on further decomposition oxalic acid may be 
obtained. 

I)y boiliii*' milk-sugar for several hours witli 4 parts of water and 2 
per cent. suli)liuric acid, neutralising with carbonate of lime, evaporating 
tlic filtrate to a syrup, a different sugar from lactose may bo obtained in 
microscopical crystals. To this altered milk-sugar, the name of galactose 
has been given. Its action on polarised light is [aJ/, + 81‘4'’ to 81*7' at 
10' to 15' C.; it is a fermentable sugar, and yields, on oxidation with 
nitric acid, twice as much mucio acid as milk-sugar. 

• The amount of milk-sugar in normal milk preserves a very constant 
relation to the ])crcentago of prof aids and ash, the ratio according to Vieth 
being 13:9:2. Richmond gives the ratio as 62*8 : 37*8 ; 8*3. 

§ 117. Mineral Qondituents of MUJe , — The mineral constituents of milk 
have been fully and early investigated, and the following may be considered 
Li very close approximation to their actual amount and character : — 


Potassium oxide, K^O, 18*82 

Sodium oxide, NagO, . ‘ 11*58 

Calcium oxide, CaO, 22*97 

Feriic oxide, FegOj, '06 

Chlorine, Cl, 16*23 

Magnesium oxide, MgO 3*31 

Phosphoric jKiiitoxide, 27*03 

Four analyses of milk asli by 11. Weber and Haidlen give the following :■ 

Mlniinnin Maximum. Mean. 

Potasli 17*09 83*26 24*67 

• Soda, .... 8*60 11*18 9*70 

Lime, .... 17*31 27*56 22*0 

Magnesia, . . . 1*90 4*10 3*06 

Fenic oxide, ... *83 *76 *63 

Phosplioric acid, . . 27 04 29*13 28*4<i - 

Sulphuric acid, . . . ... ... *30 

Chloriue 9*87 16*96 14*28 


The chlorine is in combination with the alkalies, the iron and the 
earths occur as phosphate, as well as the potassium oxide. So that the 
mineral constituents of cows' milk are, phosphate of potash, phosphate of 
lime and magnesia, common salt, and a trace of phosphate of iron. Other 
mineral inorganic constituents have been found in small quantity. If 
sufficient milk be used, it is not difficult to obtain a fluorine reaction, and 
since fluorides form an essential constituent of the teeth, it is easy to see 
their importance. A minute quantity of sulphuric acid as sulphates exists 
in milk, averaging from *05 to *08 grm. per kilogramme \ and it has also 
been asserted by G. Musso, that milk contains a sulpho-cyanate. This 
assumption was based on the following experiment: — 15 litres of milk, 
freed from casein, fat, and albumen, were neutralised by baryta water, and 
evaporated to a syrup, and the syrup extracted with absolute alcohol ; the 
alcoholic ‘e:^tract dissolved in water and treated with zinc and sulphuric 
acid, yielded some hydrio sulphide; and subsequent treatment yielded 
from 6 to 21 mgrms. of barium sulphate per kilogramme.^ The experiment 
appears to ilie authors as hardly conclusive of the presence of a sulpho- 
oyanate, and requires further investigation. 

Nadler bas ascertained that nrither cows’ nor goats’ milk contains any 
iodine: he used for the research 6 litres of cows’ milk and 3 of goats' 
^ der deuiselwH dheminchcn CkstlUehmfU xi. . tn T64, 1878. 
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inilk.i * Minute traces of copper have been found in milk ; but lead, arsenic, 
and all other metals, save iron, arc absent. 

§ 118. Other Gonstitumts of Milk . — In 1864, E. Millon and Commaille, 

, after coajjfulating and separating the casein and albumen, obtained a pre- 
cipitate from the yellow whey by means of a solution of mercury nitrate. 
This precipitate was white, amorphous, and liecame slightly red on drying ; 
it was insoluble in water, alcohol, and ether. The precipitate was washed 
with water, then with alcohol, and finally with ether, and after drying 
weighed. 

grros. •• 

Cows’ milk yielded .... 2*9 to y ‘4 per litre.® 

Goats’ milk 1*52 „ 

Sliceps’ milk „ . . . . 2*63 „ 

Asses’ milk 3-28 „ 

Woman’s milk ,, .... 2*77, „ 

To this body they ascribed the following formula — OgoHgjNgOjg, 
HgO-f-HgO, NOg, and gave it the name of Lado-proidne. In 1879, one 
of the authors studied this body and decomposed it, and came to the con- 
clusion that lacto-proteine, as a single definite substance, had no existence ; 
but that the mercury prociiiitate was composed of two substances to which 
the names of galuctin and lactochrome respectively were ascribed. With 
these substances are precipitated small portions of albumen, which may 
have escaped precipitation, and traces of urea. 

The method of separation is as follows : The casein and albumen are 
separated in the manner described in § 142 ; the yellow whey is then pre- 
cipitated by a solution of nitrate of mercury, of about the same stiength as 
that used for estimation of urea ; ® the dense flocculcnt precipitate is then, 
after suitable washing, suspended in a very little water, and decomposed by 
hydrogen sulphide. The liquid is filtered, and to the filtrate a slight excess 
of acetate of lead in solution is added, when a dirty-white precipitate falls, 
which is collected, decomposed by hydrogen sulphide, and recomposed by 
acetate of lead until it is obtained perfectly white. On conibustion, numbers 
are obtained agreeing with the following formula, ll(Pb 0 ) 2 Pb 02 Cg 4 H 7 gN 404 ft. 

GalacHuy as obtained by decomposing the lead salt by hydi*ogeu 
. sulphide, presents the appearance of a white (or, if slightly impure, a fawii- 
coloured), brittle, neutnvl, tasteless, non-crystalline mass, soluble in water, 
insoluble in strong spirit. It presents some of the characters of a pe])tone, 
and can be separated from the yellow whey of milk by the general alka- 
“ oidal reagents of Sounenschein and Scheibler.* After the galactin has 
aeen removed from the liquid, an alkaloidal colouring-matter (for which 
)ne of the authors proposed the name of lactochrome) remains in solution, 
md may be precipitated by means of nitrate of mercury. The simplest 
Formula for this appears to be HgOCgHjgKOg. Laetoohrome, as obtained 

1 Ueber den anmbliohen lodgebalt der Luft und verachiedenet Nahrungsmittel. 
fownudfUr Chm.u, zeix., p. 198. 

® Koavelle Substance oontenuo dans le Lait Eztrait d’line Note de MM. E. Millon 
st Conunaille. Comptes Hendus, lix., p. 301, 1884. 

* The ordinaiy solution for the estimation of urea is made by dissolving 100 gims. of 
pure mercuiy in naif a litre of nitric acid ; a hiitber quantity of acid is added until no 
red fumes are evolved ; the solution is ONraiwrated to a syrup, and after 'adding enougli 
nitric acid to prevent the formatioa of a basic salt, it is made up with distilled water to 
exactly 1400 c.c., each 0 . 0 . ss *01 urea. 

* f^nnenscheiu’s reagent is a nitric acid solution of phospho-molybdio acid. 6cheibler*i 
reagent is a solution of phospho^ungstic acid. 



by careful decomposition of the mercury-compound, is in the form of 
bright red, orange, resin -like masses, softening at 100" C., freely soluble 
in water, very soluble in hot alcohol, but partially separating as the 
liquid cools. There appears little doubt that lactochrome is the cause of 
the yellow colour of milk w’hcy, and also the colouring-matter of butter. 
Thudichum described some years ago,' under the name of butyro-luteine, 
the spectroscopic appearances of the colouring-matter of butter. 

§ 119. Two bitter principles, possibly derived from substances eaten by 
the cow, were separated from the milk of Devonshire cows by one of us 
in *1879. A commercial gallon of milk, measuring 3800 o.c., was freed 
from casein, albumen, and alkaloidal matters by successive treatment in 
the way indicated in § 142, and the whey precipitated by solution 
of mercury nitrate, the mercury precipitate separated by filtration, and 
the excess of the mercury nitrate thrown out by hydrogen sulphide; 
the liquid was tlieit made alkaline by ammonia, and lastly precipitated by 
tannin. The precipitate was washed, dried, and triturated with litharge 
and alcohol ; and, finally, the mixture was exhausted by boiling alcoliol, 
filtered, and the filtrate evaporated to dryness. The dry residue was now 
dissolved in water, digested with animal charcoal, filtered, and evaporated 
to dryness. A dark sticky extract was the result of these various and 
successive operations. On treatment by absolute alcohol, about 20 mgrms. 
of minute white crystals were obtained, which, on combustion with cupric 
oxide, were found U) be non-nitrogenous, and (so far as a small quantity can 
be tnisted) gave a formula closely agreeing with C^DgOio. The larger 
portion of the extract was of a dark brown colour, very hygroscopic, and 
becoming, quite fluid on exposure to tne air ; soluble in water in all pro- 
portions, insoluble in strong alcohol, and reducing copper solution on 
boiling, as well as chloride of gold at the ordinary temperature ; it also 
rapidly reduced nitrate of silver on warming. The taste wu woody and 
feebly bitter ; the reaction w’as neutral. Two strictly concordant analyses 
gave numbers agreeing with the formula CjgH^gO. 24 . 

Kreatinine appears to exist in normal milk, for w^e have separated, in 
the ordinary way, '059 of the cldoride of zinc compound of kreatinine 
from 310 o.c. of milk ; this corresponds to '0115 of kreatinine in 100 c.c. 
of milk. Commaille had already discovered that in a sample of milk which 
remained some time in a partially closed flask, appropriate treatment 
would give crystals yielding with chloride of zinc, or oxide of mercury, 
kreatiniiK^ reactions ; and the presence of this substance in small quantities 
as a normal (perhaps constant) constituent of milk is now placed beyond a 
doubt. Urea has been found in almost all animal fluids, and in such small 
quantities as a milligramme per 100 o,c., it is rarely absent, but any 
marked percentage of urea is, of course, abnormal. 

§ 120. Milk has a peculiar sweet odour, and the odoriferous principle 
maybe separated by agitation with three or four times its volume of 
petroleum other. MM. Millon and Commaille have recommended bisulphide 
of carbon for this purpose, but it is not quite so convenient a solvent.*'^ In 
neither case is any of the milk-fat dissolved. Lactic acid is almost 
invariably present in cows’ milk, and gradually increases in quantity. The 
amount of lactic acid obtained from milk which has been <kawn from the 
cow within the hour is from '01 to *02 per cent. 

Citric acid is also a normal constituent of milk. 

1 “Chemical Physiology,” Iw J. L. W, Thudichum, M.D., London, 1B72, p. 149. 

* Analyse dn Lut, by mM. MlUon et Commaille. (kmupt, t llx., 896. 



§ 121, Putting iu one view the constituents of milk, so far as is known 
At the present time, they are as follows : — 

Avkhagk Composition of Hjialthy Cows’ Mittt. 


Parts per cent 
Tiy weiRht. 

Butyrin *16 

Caproiii, .... *14 

Caprylin, .... *02' 

Capnn, .... *07 

Milk-fiit, , , "{ Lanriii, .... *29 

Myristicin *79 ^ 3 90 , 

ralniitin, .... 1*00 

Stearin, .... *07 

^ Olein, 1*37> 

Casein 3*00 

Albumen ()'40 

Milk-sugar, 4*76 

r Sodium chloride, . . . 10*62' 

Potassium chloride, . . 9*16 

Mono-pot phosphate . , 12*77 

Ash derived from the Di-pot phosphate, , . 9*2‘J 

following salts of Pot citrate, .... 6*47 

which the percentage Di-mag. phosphate, . . 3*71)- 75 

composition accord- M agues, citmte, . . . 4*05 

ing to Soldner s= Di-calcium citrate, . , 7*42 

Tri-calcium pbosplmte, , , 8*90 

Calcium citrate, . . . 23*55 

. Lime combined with proteids, 5 *1 3 J - 

Water, 87**20 

r 


^ Besides the above there are the colouring-matter of milk (lactochromc), odon>us 
principles, bitter principles (probably derived from tiie plants eaten), small quantities of 
other proteid bodies, kreatinme, urea, alcohol, and finorides. 


Gases op Milk. 


§ 122. One of the authors bos investigated the gases contained in milk. 
Various samples of milk were clamped, on to a mercurial pump, and the 
w*hole of the gas which they yielded pumped out and received in tubes, 
whence the gas was transferred to a gas apparatus and analysed. A litre 
of new milk, while fresh and warm from the cow, connected in this way. to 
t^e pump, yielded 1*83 c.c. of gas, ^hich on analysis had the following 


composition : — 

ao. 

Percent. 

Carbon dioxide, CO 3 , 

. . *06 

3*27 

Nitrogen, N, . . . 

, . 1'42 

77*60 

Oxygen, 0, . . . 

*35 

19*13 


The proi)ortion of oxygen to nitrogen was therefore, nearly as 1 : 4. 
Another litre of good Devon commercial milk, on being subjected to the 
same process, yielded 3*468 c.o. of gas, the percentage composition of which 


Per o4nt. 

Carbon dioxide, CO|, . . . ^ . . 60*47 

17itrogen, N, 30*21 * 

* Oxygen, 0, 9*80 

^ This sample had been standing at a temperature of 1 5” C. for some hours ; 
Ibnoe the diminution of oxygen Mid the increase of carbon dioxide. Various 



other similar experiments were made, witli the result of establishing 
fact that a litre of fresh milk yields to the Sprengel pump from 1 to 3 o.o. 
of gas, in which there is always a certain percentage of carbon dioxide, and 
in which the relation of the nitrogen to the oxygen is very similar to the 
relation that exists in the air dissolved in water; but that fermentation,' at 
any temperature in which fermentation is possible, at once commences, 
when the lactic ferment begins to use up the oxygen, and ultimately carbon 
dioxide is the only gas which can be obtained. Tliis evolution of carbon 
dioxide is slow but continuous. As an example of this fermentation, one 
of the experiments may be cited : — 100 c.o. of milk in which fermentation 
ha3 begun, were suitably clamped to a Sprengel pump : on the first day, 
there was a small percentage of nitrogen and a little oxygen ; and on the 
second day a trace of oxygon ; but on the succeeding days the gas consisted 


wholly of carbon dioxide, as follows 


Ist day, 
2nd day, 
3rd day, 
4th day, 
5th day, 


1*123 ac. ofCOa 
5*086 „ „ 

19*540 ,, ,, 

7-621 „ „ 

7*870 „ „ 


6th day, 
J'/7th day, 
i5th day, 
19th day. 


9*023 
1*780 ,, 
21*350 ,i 
4*370 ,, 


Giving a total of 77*263 c.o. of carbon dioxide in nineteen days, the 
temperature ranging between and 19**5, Milk previously deprived of 
dissolved air by the Sprengel pump, then oonfin^ over mercury and 
submitted^ to an atmosphere of oxygen, rapidly absorbs the oxygon, the 
place of which is taken by carbon dioxide, provided the temperature is a 
fermentation one — that is, above 9* and below 60*. This continuous 
absorption of oxygen was well shown in an experiment, in whi^h a litre of 
milk was submitted to the action of a Sprengel pump, aud in which it was 
found there was a continuous slow diffusion of air through the india-rubber 
connections. It has long been shown by Graham, that air thus finding its 
way through the minute pores of thick rubber is very highly oxygenised ; 
yet all oxygen rapidly disappeared from the gas, and after the second day 
pui'e nitrogen aud carbon dioxide could alone be obtained .*■— 


Ist day, 6732 C.C. ofgas. 


Percentage ooinpoiitlon. 


Carbon dioxide, . 55*392 

Nitrogen, 33*780 

Oxygen, ........ 10*828 

Ratio of oxygen to nitrogen as 1 to 3 nearly. 

2nd day, total . . . . . 7*2 ao. 

CarlMn dioxide, ....... 49*78 

Nitrogen, . 4978 

Oxy^, S . *54 

Sxdday, 4*868 ac. 

Oubon dioxide, . . . . . . 61*00 

Nitrogen, . . 88*94 

4th day— 

Carbon dioxide, 87*98 

Nitrogen, 12*02 

5tb day— 

Oarto dioxide, • . ' • . . ,. . , . 91*52 

Iffitmimn. , 8*48 

u 



‘Fore’ Milk. 


§ 123. If an animal is fractionally milked— -that is, the whole of the 
milk received into three or four different vessels— it will bo found that, on 
analysis, the several portions exhibit some difference of composition, more 
ol)servable in the last and the first, than in the intermediate portions. 
This difference mainly affects the fat, the first portions of the milk yielding, 
as a rule, but little fat, while the latter portions, called ‘strippings’ (in 
speaking of cows’ milk), contain an excess of milk-fat. Thus, in a Devon 
cow milked in this way for the purpose of analysis, the writers found the 
two extreme portions to have the following composition : — 





Fore Milk. 

Strippings. 

S])ecific gravity, . 



. 1 *0288 

1*0256 

Milk-fat, 



1*166 * 

5*810 

Casein, 



2*387 

4*304 

Albumen, 



1*830 

*975 

Peptones, 



‘381 

•545 

Milk-sugar, . 



. J»*120 

3*531 

Ash, . . . 



*797 

*895 

Water, . 



. 90*319 

83*940^, 

Gommou salt in ash, 

. ^ 


•340 *267 


another experiment a (lucrusoy cow yielded the following : — 




Fore Milk. 

Strippings. 

Sitccific gravity, . 



. 1*040 

1*023 

Milk-fat, 



. *357 

5*946 

Casein, 



. 4*708 

3*435 

Albumen, 



. *451 

•860 ‘ 

Pe])toncs, 



•267 

•156 

Milk-sugar, . 



4*943 

6*280 

Ash, . . . 



•874 

*929 

Water, . 



. 88*400 

83*394 

Common salt in ush, 



•100 *098 



Dairymen are perfectly aware of the poorness of fore milk in fat, and 
more than once fraudulent milkmen have endeavoured to defend themselves 
by having recourse to the strange expedient of partially milking a cow 
before such ftinctionaries as aldermen or policemen, and delivering with all 
formalities the sample to be analysed. The analyst, not knowing its history 
(for in such cases it is transmitted as an ordinary commercial milk), and 
finding it on analysis deficient in fat, certifies accordingly, and until the 
matter is explained suffers in reputation. Such tricks were once rather 
common, but have been so fully exposed that they are not likely to 
re-occur. 

This difference in the first and last milkings is not confined to cows’ 
milk, but has also been observed in the milk of other animals. Peligot 
had an ass milked in three successive portions, and foimd as follows ; — 


Milk-fat, . 

Milk-6u^r, 

OaseiD, 

Total solids, 
Water, 


1 

s 

S - 

•96 

1*02 ■ 

1*62 

6*50 

6*48 

6*60 

1*76 

1*96 

2*95 


9*45 

10’97 

9078 

90*55 

• 89*08 


Reisot ^ has also found a considerable difference in the percentage of total 
^ J. Beiset: AknaSei de CMmU st d« FhysiqWf 8 ser., xxv,, 1849. 



solids in human milk in fractions taken befoi^e the child was applied to the , '• 
breast and after. 

Before Sticklinff. After Suoklintr. 

Total Solids per ceJit. 1'otal Solids per cunt. 

1 ' 10’58 12-93 

2 12-78 15-52 

3 13-40 14-57 

Tt has been considered that this difference is merely due to the effect of a ; 
physical cause; that, in short, as regards cows* milk, the milk already ^ 
secreted is in the same state as if it stood in a vessel, and the fat rising to , 
the top is, of course, drawn last. This explanation cannot be altogether ; 
true, for the same phenomenon is observed in human milk, and here the 
breasts are horizontal, or nearly so. It is more probable that during the 
act of milking secretion goes on, and it would seem that the fatty contents 
of the milk-prod^iciug cells are set free before the more watery and ' 
albuminous. Hence, the strippings are, as the most recent portions of the 
whole secretion, rich in fat. This view is supported by an experiment of 
Keiset, in which it was proved that the longer the time elapsing between 
the partial milkings, the less the percentage of solids. 


Human Milk. 

§ 124. Woman’s milk (1) has been long an object of research, and 
numerous analyses of it are scattered through scientific literature. These 
analyses, in their quantitative results, show considerable discrepancies, so 
that we must either adopt the supposition that human milk is very variable, 
or, what is more probable, that the samples taken did not represent the 
average secretion. From experiment, the authors have come to the con- 
clusion that it is impracticable with any mechanical appfiances to obtain 
a complete sample of human milk. In civilised life the nervous system 
assumes such a high and delicate state of organisation, that the secretion 
is far more dependent on the presence and contact of the offspring than 
among animals. Hence, samples of human milk taken by breast pumps, 
or other exhaust apparatus, can only be considered partial samples ; and a 
study of partial sampling in the case of cows* milk (p. 206) has taught us 
how very widely the quantities of the fatty constituents in such samples 
differ from one taken from the whole bulk. Woman’s milk contains milk- 
fat which has not been obtaineii in quantities sufficient for accurate ^ 
investigation, and a knowledge of its exact composition is still a desideratum. 
It> liowever, certainly contains butyrin, for one of the authors has succeeded 
in isolating a sufficient quantity of butyric acid from saponified human milk- ' 
fat to identify it satisfactorily. Milk-sugar,^ casein, albumen, peptones, 
and a oolouring-matter, with mineral substances, are also constituents of 
woman’s milk.^ The casein, like that of the ass, is peculiar in not 
separatii g in flocciilent masses by the processet recommended in § 142, and 
the anatyst is under the necessity of adopting a different process. This 

1 Garter and Bichmond state that the sugar has a specific rotatory power of [al^s 
48 -7°. They are of opinion that more than one sugar is present 

* Human milk on being shaken up with ether parts with its fot, the globules dissolvin* 
in the other, the fluid therefore clears up and separates into two layers— an ujmer ethers 
containing the fat in solution, and a lower layer consisting of a solution ofthe casein, 
albumen, and salts. This peculiarity is not shared by the milk of the herbivora. See'- 
P. Kadenhansen, f, pSysv^^ogiache CkmU^ 5, 



AjHAi/x»io.-L88 * 

Sr^'fc ^ . ' ' . » ' ' ■ \ ■-, ' ‘ 

fJi t'-i 

V4i<ference is all-importaut ; for in artificial feeding with cows’ milk, as soon 
//as the milk reaches the stomach, the milk, in popular language, ‘curdles,’ 

„ and is often rejected by vomiting. 


One of tlie earliest exaet uiiulysis of human milk was made by Moggenliofen ^ in 1826, 
His treatise scarcely appears to be known, yet it contains pretty well all that is known of 
the comx)osition of human milk. The total solids of human milk Meggeiihofeu determined 
from twelve samples, the highest of which is 13*38, and the lowest 9*26 per cent, the 
mean being about 12 j^r cent Probably for the first time Meggoiihofen dotenniiied the 
albumen 8ej>aratoly from the casein, and also weigheii materiw muiindlw tmi'turn 
gallarum miimtilis predpitatoi. His view of the comiKisition of linman milk may be 
fairly stated thus— 

Per (!ent 


Milk-fat 

Casein, 

Albumen, . . . . . . 

Albuminoid precipitated by gallic acid, . 

Sugar, 

Asb 

Water, 


2*90 

2*40 

•57 

*10 

6*87 

•16 

88*00 


With regard to other constituents, urea is often present ; there is also 
an odorous priuciplo. Human milk decomposes similarly to cuws' milk, 
and yields similar gaseous and other products. 

§ 126. Milk of the Ass (2).— One of the authors has investigated the milk 
of the ass. Milk was obbiined under his personal supenutcndence from 
asses kept and fed in London dairies for the purpose of supplying the 
demand that still exists for asses’ milk. The animals were fed on a uniform 
diet of bran, hay, and oats. The yield of each milking was carefujly noted, 
and the ass in each case milked dry. It would appear that the milk of 
the ass under these circumstances has a very uniform composition, the 
differences observed being quite unimportant. The yield for commercial 
purposes appears not to exceed 3 pints, and to average about 2J pints 
daily. More than this is doubtless secreted, but some of it is used by the 
foal. In no case did a single milking yield half a litre (three -fifths of a 
pint), but usually between 300 and 400 c.c. 

The fat contains 6 per cent, of butyric acid, equal to 6‘6 per cent, of 
butyrin ; it is probably very similar to butter-fat. After the precipitation 
of casein, albumen, lactochromo, and peptones, there yet remain principles 
precipitable by tannin. As in human milk, the casein is not readily 
precipitated, but remains suspended in a state of fine division, however 
far lactic fermentation may have progressed. 

§ 126. Milk of tU Qont (3).-— The milk of the goat,' as a rule, contains 
Ittore'cream than that of the cow, and rather less albumiuous matter. 

§ 127. Milk of ih£ Mare (4).— -The milk of the mare closely resembles in 
its constituents the milk of the cow : the caseiil, the sugar, and the fat being 
very similar, if not identical. M. J. Duval * asserts that he has discovered 

the milk of the mare a new acid, to which he has given the name of 
^uinic, and which crystallises in groups of little needles ; it is not volatile 
decomposition, in odour fragrant. It is .combined with a base 
Volatilised by heat, which the author considers a base of the ammonia type. 
Its reactions with silver nitrate, ferric chloride and auric chloride distinguish 
It from hippurio acid. No analyses are, however, given. 

' DiuierUsUo Inwiouralis IndagaM&Mm Lcustis Mulidfris CheMicaiht C, Ang. 
Haggenhofen. Fiankrort, 2^26. 

, SenduSf Ixxxil, 4lb, 1876, 





Tho moan composition of asses’ milk and the milk of various otk^ 
animals is given in the table: — 


1. Human, average, 

„ maximum, 
„ minimum, 


2. Abb, 

8. Goat, . 

„ rich, . 

„ poor, . 

„ colostrum, 

4. Marc, . 

5. Sheep, . 

6. Camel, . 

Llama, . 

7. Hippopotamus, 

8. .Sow, 

9. Bitch, . . 

10. Cat, . . 

Mule. . . 

lUiiblt, 
Biuphaiit, . 
I'orpolse, 

WJuile, 

Gnnioimu or y 
hulfalu, . 

iiUffalo, 


Specific gravity. 

1 

1 

Solids not fat. | 
1 

Fat. 

Sugar. 

Casein 

Albumen. 

i 

Peptones. j 

1-0SL1 

13*267 

9*i:i7 

4*131 

0*938 

1*90.’) 

•201 


i-o:i5j{ 

16-60 

12*09 

6*89 

7*92 

4*86 

*87 


1*0268 

10*91 

0*67 

2*11 

5*40 

.*85 

•18 



11*8 


8*3 

6*8 

1*6 

•2 



8*83 

7*81 

1*02 

6*,=> 

1*09 

•7 

*42 

•1 

1*0;{67 

12-46 

8*26 

4*2 

4*0 

3*0 

*02 

•66 

•08 

17*98 

10*96 

7*02 

6 28 

4*67 

1*01 


1*030 

16*62 

9*41 

8*11 

4*68 

8*94 


•79 


1*030 

16*49 

9*16 

7*34 

5*19 

3*19 

.. 

•77 



9*94 

7*86 

1*00 

6*66 

1*89 

•81 



11*2 

8*7 

2*6 

5*60 

2*19 

*42 

■6 1 

•bb 

1*040 

17*78 

12*43 

6*8 

4*2 

6*1 

1*00 

1*00 

*18 

1*042 

18*06 

1016 

2*0 

6*66 

8*84 

*00 



10*4.': 

7*30 

3*16 

6*6 

•90 

•8 



9*02 

4*61 

4*61 

4-40 

small 

*11 



16*96 

11*41 

4*66 

3*13 

7*23 

1*06 


1*036 

23*40 

13*83 

9*57 

3*19 

6*63 1 4*88 

•78 



18*377 

16 044 

' 3*883 

4*011 

9*648 

•688 



8*60 

6*91 

1*69 

4*80 

1*04 

•88 



30*60 

20*06 

10*46 

1*96 

16*64 

2*66 



32*16 

12*68 

19*57 

8*84 

8*09 

•66 



61*69 

18*09 

48*60 

1-88 

11*19 

•67 


•* 

51*33 

7*86 

43*87 


7*11 

■46 


.. 



6*66 

6*41 

3*26 1 *60 

1*08 


•• 

17*07 


7*40 

4*21 

4*’69 

^•81 

* 



Lecils.i 


Uifliinotid.^ 
A. W.Blyth. 

Voelcier.3 


Dragemlorff. 

Doyore.* 

Gunniug. 

Khnlg. 


Commallle. 


Blchmond and 
A. Pappel. 

Flolschmann 


i A. K. U*ed8 (CAe»». Mm, Iv. pp. 208-267, 280, 281) from eighty-four samples. 

- Kii-hnioiid {l)a>ry CMvmlry, 1899, p. 826) deduces these hgurcs from Leeds*. Pfeiffer’s. Luff’s 
Joli.i'iflsen s, Jiehmanti’s, Carter’s, and his own figures, 
j Died. Centr . , 1881, p. 868. - 

* A iin. de Vlmt Agron., a.' 152, p. 261. 

6 Klclimoiid, Dairy Chtmutry, 1899, p. 823. 


§ 128. Milk of the Sheep (5). — Sheep’s milk* is remarkable for its high 
specific gravity, and the large auiount of solid matter which it contains : 
the si'trilic gravity ranges from 1'038 to 1*041, and the total solids may 
rise as high as 19 per cent. 

The rascin behaves similarly to the casein of cows’ milk, and separates 
ewily by dilution, acidulation with acetic acid, etc. (see p. 227). The fat 
yields 5 per cent, of its weight of butyric acid, and is probably of similai 
composition to the milk-fat from cows’ milk. 

§ 129. The Milk of the Camel (6). — Chatin has analysed the milk of the 
camel. He describes* it as perfectly white in colour, and possessing 
globules smaller hut more numerous than those in cows’ milk, the diameter 
being on an averse one-half. Bjiecific gravity, 1*042. It appears to be 
rather richer in milk-sugar and casein than cows’ milk. Dragendorff * hai^ 
also analysed camels* milk, and gives the figures in the table. ' 

1 An analysis, by VoolcksT, of rich samples of ewes* milk shows that the fat may 
attain 12-78 liar cent .fiM. 1881, 868. 

* Sur le l^it de la ChameHe A deux Bosses, par M. Chatin, Journal dt Thwimeie it 
ChimUj t i, 4 ser., p. ,264. , 

* JSeiL f, Ohmie. 1^5. •.'756. 
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§ 130. Milk of the Llama. — The figures given in the table are from 
! three analyses by Doydre. 

§ 131. Milk of the Hippopotamm (7).— There are few opportunities of 
analysing the milk of this enormous animal, as it is fierce when it suckles 
its offspring. A sample of the milk was, however, investigated by Gunning.^ 
He describes it as of an acid reaction, and under the microscope showing 
larger globules than that of other animals. The young hipj)opotamu8 
sucks under water, and can remain there for a much longer time than the 
adult animal. The secretion of milk is excessive in quantity, and escapes 
from tlie distended teats in streams, which make the water around the 
animal quite opaque. 

§ 132. Milk of the Sow (8).— The mean of eight analyses collected by 
Konig'^ of sow’s milk, is given in the table. 

There are also two analyses of the milk of a sow inve^igated by Filhol 
and Joly ; the animal was fed on horse-flesh, a diet far from natural ; 
under this diet was secreted a highly albuminous fluid, containing but 
little sugar. Specific gravity 1*044. ^ ^ 


Albumen, 

Fat, . 

Sugar, . . . 

Extractives and salts, 
Water, . 

Total solids, . 

Solids not fat, 


12*89 21*0 

. 6*6 6*4 

0*.6 1*2 

3*01 4*8 

77*0 68*1 

23*0 31*9 

16*4 26*6 


§ 133. Milk of the Bitch (9).— The milk of the bitch is highly^charged 
with albuminous solids, and is of n specific gravity ranging froml*034 to 
1*036. It has been investigated by Simon, Dumas, Filhol and Joly, 
Talmatescheff, Bensch, Scul)Otin, and others. 

§ 134. Milk of the Gat (10). —The milk of the carnivora generally has the 
peculiarity of having the milk-sugar almost entirely reidaoed by lactic acid, 
and hence the milk invariably possesses an acid reaction. An analysis of 
the milk of a cat by Commaillo is given. The milk was taken twenty-four 
hours after kittening ; it was feebly acid. 

§ 135. Milk’lilce Secretions of Birds and Plants. — It is usually hold 
that mammals alone secrete milk, but this is by no means certain; for 
during the latter portion of the incubation-period, as well as more profusely 
for a little while after the young birds are hatched, the pigeon secretes a 
nutritious albuminous fluid in her crop, which is supposed to be used for 
,‘;the purpose of feeding the young birds. According to-Lecomte’s analysis 
this secretion contains. 

Casein and salts * . 28*23 

^ Fttt, 10*47 

Water, 66*80 


V Such milk-like secretions are by no n^eans confined to l^e internal 
tuouoous membranes of birds. Jonge* has made a most valuable research 
fori the secretion of the glands known to anatomists as Glandulm uropygii, 
^situated at the tail of the common goose. The secretion was ob^giUed in 
' Aufficient quantity for a complete qualitative and quantitative aniM[&> and 

\ ^ ^ Oaxetta Chim. Itatima, 1871, p. 266. 

> « “ Ueber das Secret der Talgdrtisen der Vogel mid sein Verbaltoiss » 

; 'Hautsecreten der Saugtblere, insbesondere der Milch,” von D. de Jonge. 
rjlApstcX. ChmiSt von F. Hoppe-Sjyler, Strasbnrg, 1879. 



Sen fetthaltigen 
ZeUsehrift fHur 



AMiiHemiX' MILKS. 
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although the analysis was not quite so complete as if a larger quantity had 
been obtainable, it fairly shows that there is a considerable analogy between 
milk and this secretion, the most marked difference being that no trace of 
milk-sugar could bo found. The analyses of two samples were as follows 


1 . 2 . 


Total solids, . . 391 ‘93 

Water, . . . 608 '07 


Albuibon and nuclein, , 

179*66 

127-63 

Compounds insoluble in 


247*08 

absolute ether, , 

186*77 

Alcoholic extract, 

10*90 

18*31 

Water oxtiaci, 

7*58 

11*31 

Ash 

7. .7 \ Sol. 3*71 
' { Insol. 3*36 

1 11*07 

In ether exi/rarJ^, 

1 . 

2 . 

Cetyl-alcohol, . . 

74*23 

104*02 

Oleic acid, . 

6*48 


Lower acids, . , 

3*73 

14*84 

Lecithin, . . . 

2*38 



415*34 

684*66 


Sol. 7*71 
Insol. 3*36 


In the vegetable kingdom, qumbers of trees or plants yield a white 
fatty secretion, popularly called milk, though, as a rule, such ffuids have 
no right to this title, being tobilly different in composition and properties. 
A very remarkable exception to this assertion is, however, met with in the 
* milk tree ’ (Brosimurn galactodendron)^ to be found in Central America. 

Tills tree, on incision, yields an abundance of a thickish feebly acid 
fluid, coagulating on exposure to the air. M, Boussingault has analysed 
this juiedj and considers it perfectly analogous to ordinary milk, since it 
contains a fatty principle, aii albuminous principle, a sugar, and phosphates. 
The exact composition of these different matters has, however, not been 
determined. Boussingault’s general analysis is as follows ♦ 

Fatty 8 a|)oni 6 ablo mattors. 

Sugar, and substaiiceB analogous, 

Casein, albumen, . 

Earths, alkalies, ]>ho 8 phate 8 , . 

Substances not estimated. 

Water, 

This milk is used largely as a food in the regions where the tree grows. 


85*2 

2*8 

1*7 

•6 

1*8 

58*0 


Abnormal Milks. 

§ 136. Milk which deviates from tlie natural secretion, the animal 
suffering from no disease, and milk secreted imder unnatural couditions, 
may be conveniently classed as ‘abnormal.’ (Milk derived from the un- 
healthy will be considered in another section.) Instances of healthy cows 
giving milk differing essentially from ordinary milk are very few. One 
such, however, is recorded by Mr, Pattinson, who analysed the milk of a 
roan cow, which only gave 2 per cent, of albuminoids, and yielded no less 
than 4 gnns. per litre of common salt. The animal is stat^ to have 
in good health. Instances of marked deviations from the ordinary standard 
are to be found in The Analyst of Jan. 1, 1893. (See also page 231.) 

The newly-born human iafiint almpst constantly seemtes a fluid in the n^nue, and 
*dnlt males have not only secreted but that hr abondanoe ^oogh to suoklt. 



Ili r' COMSfOSmoM iSto ASAtlfSfS. ' 

Females also, Iwtli human and animal, occasionally secrete milk without having hew 
previously pregnant* With regard to the milk secreted by infants, there is some doubt 
about its real nature. Kbllikerdoes not view it as a true milk, but conswwrs ite 
ance oonnected with the formation of the mammaiy glands. Sinety, on the other bwid, 
upon anatomical grounds, considers it a true lacteal secretion. It is probawy imwrfwt 
milk loaded with leucocytes, and this is the more likely, as Billard aes MoMtes 

dc8 EiifanLH nouveau n^s, 3me edition, 1837, p. 717) notices that it frequently ends in 

*'^"SlosKl)erg(u- gives an im]) 0 rfect quantitative analysis of a sample of milk i obtained 
by Hqu(!cziiig the breasts of a newly-uorn infant — a male. In the course of a few days 
about a drachm was obtained. The following was the result of the analysis : ^ 


Water, 

Fat, 

Ash 

Casein, sugar, and exhi-activos, 


Per cent 
96*75 
•82 
•05 
2-83 


Sugar reaction strong. i-i.- 

The most complete analysis wo yet possess of such milk is one by V. Gesnor, which is 
given ill the iollowiug table with other less perfect analyses 

Milk-fat, 

Casein, . 

Albumen, 

Milk-sugar, 

Ash, 

Water, . 

Total solids, 

Joly and Filhol have recorded the case of an old lady, 75 years of age, who suckled 
successfully her grandchild.® Similar instances have been recorded m degs, and we 
foitunatcly possess one or two analyses which show that the fluid is certainly milL Thus 
Filhol and Joly ^ve the following analysis of the milk derived from a bitch which had 
no oonnection with a male ; — 


la 

2 » 

3 ^ 

1*456 

*82 

1*10 

•657 

...1 

2 80 

•490 

... i 

•966 

...1 

•05 J 

|- 6*40 

•826 

95*705 

96*30 

79*40 

4*295 

8*70 

10*60 


^ecific gravity. 
Total solids, . 
Fat, 

Supr, . 
Albumen, . 


1*069 

29*00 

2*20 

*32 

28*20 


Tlie ash, on analysis, gave the following jieroentages in 100 .parts 


• 65*10 
8*88 
27*76 
1*40 
1*87 


Chloride of sodium, 

Chloride of potassium, 

Calcic phosphate, . 

Bodio ^os^ate, . 

Sodic carbonate, . 

Lozano, whom he saw, and whose case he carefully investi^pited ; and it appeam 
established that this man did secrete from bis breasts a nutnent fluid on which his 
infant son lived fpr many months, it is udd, indeed, a whole year. The ourons m such 
matters may consult the references given in the footnote for additional caws.^ 

1 Untersuebung der sogenannte Heienmilch, J. Schlossherger, Anvaim der OmvU 
?lMmuwi€^ b. 87, 1862. „ , . » , 

^Jamj.KwA^kravikhiiU^ . 

* Schlossbergsr u« Hauffj AniL Ohem, Bd. xcvj., p. 6& 

* Gablor u. Quevenne, o A cii. 

® “Recherohes ear leldt, ”111, Bruxelles, 18M. « ^ 

•Humboldt: ‘‘Voyageniix Regions Bqumoxudesdu Nouveau Oontment. 

1 Robert, Bishop or Ootk } Letter conqsminga Man who gave Su^ tea CShild, 
iMM 1741 Ncl 461 t XlL. n. 818. Franklins " Narrative of a Joum^ to the 
: Sh^of Ae i»olw Sea,” 1819^^6?. <3obbttld : Milk froto the Male Mamma, 



Instances have also been known of a like kind among animals. Solilossborger has 
analysed the milk derived from a he-goat {Amalen der Chemie u. Pharmicie, 1844) : 

Milk-fat, 26*50 

Casein, with salts soluble in alcohol, . . . 9*60 

Sugar, with salts soluble in alcohol, , . . 2*60 


The ash was *782 jwr cent— viz., •a25 soluble in water, *467 insoluble. Occasionally 
the female mammae after confitiement have coQ||^ued to yield milk, although the infant 
lias either been dead or nourished otherwise. In such cases the milk (leviuiew from its 
normal composition, and is, for the most part, highly albuminous. In a case of this kind 
recoixJed by Filhol and Joly,i Ihi'ee analyses of the milk wero made as follows, at dilleront 
dates, about a week apart : — 

I. 2. 3. 


Specific ^ftvity, 

1*089 

1*025 

1*023 

Total residue, . , , 

21 *50 

38*30 

18*63 

Milk-fat, .... 

5*00 

6*15 

7*80 

Sugar, •. 

2*19 

3*27 

3 -.50 

Albumen, 

12*96 

9*00 

5*65 

Extractives and salts, 

3 *3.5 

1*88 

1*68 

Water, .... 

78*50 

81*70 

81*37 

Casein was entirely absent 

composition of the ash was as follows 

Oliloride of sodium, .... 


Per cent 

78*10 

Chloride of ])otassium, . 

, , 

, 

tra(5cs. 

Calcic phosphate, . 

, 


23*40 

Sodic phosphate, . 

. , 


•80 

Sodic carbonate, . 

, , 

, , 

1*89 

Magnesia and ferric phosphates, . 


'81 


Tub General Examination and Analysis op Milk. 

§ 137. The general examination and analysis of milk may Oe ooiiveuienlly 
divided into three sections — 

A, The microscopical and biological examination. 

B, The analysis of the normal constituents of milk. 

(7. The analysis of milk for the purpose of detecting adulteration. 

A, Miqroscopioal and Biological Examination op Milk. 

§ 138. A mere chemical analysis is incomplete and insufficient in itself, 
and should in all oases be preceded or supplemented by a careful and 
painstaking microscopical examination. Normal milk, viewed under the 
microscope, presents for the most part a multitude of fat globules floating 
in a clear fluid. The globules of human milk measure in diameter from 
'002 to ‘005 mm. ; those in the milk of the cow, from *00062 to '00039 
inch [‘0016 to *01 mmj. These fat globules are of two kinds. By far the 
most numerous are evidently drops of fluid fat ; but there are occasionally 
to be ac^n others which weuld appear to consist of solid fat, for they are' 
rougher on the surface, and less soluble in ether, characteristics which they 
lose on warming, becoming like liquid-fat globules. In human milk, and, 
to a certain extent, in cows’ milk, there are also as normal constituents, 
but in sparse quantity — 

(1.) Fatty drops having a half moon-shaped, finely granular substance j . 

/oumol of Med. 1854 ; € xviil, p. 271. Adversttria Anatomiea ' 

Oiitnia ( F. Animadversio, 4^). 

^ 1 C^pte$ SmduB^ t xxxt(^ p. 571, 1858. 
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(2.) Clear ccUb enclosing one or two fatty dro])S, and an eccentric 
nucleus ; 

(:3.) Hound clear Lodies, easily coloured by eosin and picrocaruiinc. 
Those last ireidciihaiii considers to be free nuclei.^ 

In the colostrum, or milk drawn the first f(‘w days after parturition, 
there arc present other elements — viz., the so-called ‘colostrum cells/ 
Some of these consist of a number of4>nall and large fat globules, held together 
by a hyaline tissue or membrane, swelling on the addition of acetic acid or 
alkalies, and only slowly coloured by aniline red. There are other granular 
cells coloured at once by the same reagent. If the milk is taken fresh a'nd 
warm, and a minute drop examined on a Streckcr’s warm stage, ^ and kept 
at a temperature of 38", the corimscles will exhibit amoeboid movements, 
perfectly similar to those which have been noticed in the wliite corpuscles 
of the blood. Indeed, it is almost certain that the colpstruni cells arc no 
other than the white corpuscles of the blood, inliltratcd witli milk-fat, for 
Heidenhaiii, having injected into the dorsal lymph vessel of the frog 1 c.c. 
of fresh milk, aftcjr 48 hours found Uie white corpuscles loaded with milk 
fat, and in no respect distinguishable from colostrum cells. In abnormal 
milk may bo detected pus or bl(x>d, or sometimes both. If the pus is derived 
from inllarumations witliin the mammje, and has been mixid with the milk 
before milking, the pus cells become infiltrated with milk-fat, and arc difficult 
to distinguish from colostrum granules ; but if derived from ulcers on the 
teats, tlioy have the usual appearance of pus cells. The pus cells, like the 
colostrum cells, and tlie mucus corpuscles, are all different forms of white 
blood-corpuscles [leucocytes], and when placed on the warm stage exhibit 
anid'boid moveiiiciits. Pus cells, as usually observed, are syjheroidal, 
granular, and colourless, m(ia8uring from about 1-2500 to l-3000ili of 
an inch in diauiotor. On treatment with dilute acetic acid, the cells clear 
up, and show two, three, or four nuclei. Blood, in small fpiantity, gives a 
pinkisfi colour to milk; if a large amount be present, it sinks to the 
bottom in red fiocculent masses, which soon, from being deoxidised by the 
milk, ac<iuire a tint varying from a red more or less dark, to a shade 
almost black. lu small quantities reliance must bo placed on the 
microscopic appearance of the blood-discs, which are wholly unlike any 
cell found in normal milk. I'lie red blood-discs of the cow are like those 
of the human subject — little circular, biconcave, flattened discs, measuring 
on an average l-4000tb part of an inch. Human blood-discs have an 
average diameter of l-SfiOOth inch. By the aid of the micro-8j)ectroBCope, 
the absorption-bands may also bo seen. These are, in oxidised blood, two 
bands betw'een D and K, the one close upon the red being narrower, 
darker, and better defined than the one nearer to the green; with 
deoxidised blood, only one band is seen, between D and E. On treating 
the blood with oxygen, or shaking it up with air, the two bands re-appear. 

The biological examination of milk is treated of under the sections dealing 
with milk secreted by the unhealthy and with the decomposition of milk. 

‘ R. Hcidonliaiu ; “ Handbuch der Phyaiologio.” Herauagegoben vou Dr. L. Hermann. 
Leipzig, 1880. 

^ In default of Strecker’a stage, a plate of cojmer, having a central aperture and a 
thick straight wire, some inches in length, may be used. The plate .is kept at tlie 
desired temperature through heating the wire by means of a spirit lamp. 
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The Analysis of the Normal Constituents of Milk, 

§ 139. in the aunlysis of the normal constituents of milk, the following 
detenuinations should be made : — 

a. Sp. f»ravity at IQ'S” C. 

b. Total solids. 

r. Fat. 

(1. Lactose or inilk-siigar, 

• 

In addition to the above, it may sometimes be desirable to further 
examine the fat and proteids of the milk, and to make an examination for 
substances such as citric acid, and for others wliich cannot bo said to be 
normal constituents of milk, alcohol, urea, metals, and so forth. 

§ 140. One of tife first accurate ])rocc.sses for tlic general analysis of 
milk was published in 1853, by MM. Vernois and A. lletxpierel.’ 

A small (piautity [30 grins.] was taken, dried, exhausted with ether, 
burnt; up to an ash ; the sugar obtained a mecharimhtre from the whey, 
the casein being first separated by coagulation by acetic acid, and then 
estimated by diilbrence. 

Mr. Wanklyn, by his work on milk analysis,^ revived the more accurate 
motliod of using comparatively small quantities for analysis, thus avoiding 
very considerable error, from the risk of large quantities decomposing by 
proloiiired heating. He advocated the use of platinum dishes, and sup- 
ported strongly tlie doctrine of the fairly constant character of the non- 
fatty constil^mints of milk, dividing the total milk solids into tw'o divisions : 
the oiuf, milk-fat^ the other, imlvU not fat 

Whatever modifications have been since introduced in the methods for 
the analysis of milk, the general process is still on the princiiiJos advocated 
by Mr. VVaiiklyn. 

(a.) Specific Graviiij . — The sjiecific gravity is first taken. This may be 
done with fair accuracy hy an hydrometer, and still more correctly by a 
Weslphal’s balance or a Sprengel tube. 

It is to be noted that milk when drawn from the udder contains many 
air bubbles, and the specific gravity is low, consequently the specific gravity 
should not be taken until at least one hour has elapsed. This phenomenon 
was first observed by Recknagel, and has been confirniedby Vieth, Boiircart, 
and Kichaiond. The specific gravity of milk must bo corrected to 15-5” C, 

Vieth has constructed a useful table (sec Table X Villa.) for this purpose. 

(6.) Total Solids. — The specific gravity having been obtained, exactly 
10 C.C., or betters c.c., are traiisferr^ by means of a pipette to a platinum 
dish, and submitted to the heat of a water bath, until the contents cease 
to lose more than 1 mgrm. in one hour ; this usually takes from three to 
five hours. When the residue is perfectly dry, it is at once weighed, and 
the results expressed in percentage by weight. I^he weight of the 10 c.c. 
is known from the specific gravity already taken. Thus, supposing a milk 
of 1*032 specific gravity to give a total residue from 10 c.c. of 1*423 grm.: 
since the specific gravity haS shown that 100 c.c. of the milk weighed 103*2 
grms., it follows that 10 c.c. must weigh 10*32 grms. Hence, 10*32 grms. 
have yielded a residue of 1*423 grms., which is 13*78 pfir cent. 

Some analysts, e.g,, Allen, prefer the use of flat porcelain dishes, the 

^ Oomptes lleitdus, xxxvi., i). 187, 1868. . 

• ‘‘Milk-Aiialysiii,” ByJ; A. WanUyu. Lend. 1874. 


e. ProWds, i 

’ [ ainuiiu'ii. 

/. Mineral mattei-s ur ash. 
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advantages being that the heat is not so intense when burning to an ash, 
and that they arc more constant in weight than platiniun. 

Richmond points out tliat 1 grin, of milk spread over a largo surface 
dries rapidly and completely. 

The Association of Official AgriciilturfU Analysts of America have 
adopted the following two methods: — 

(1.) Heat to a constant weight at 100“ C. one to two grins, of milk in 
a tared flat dish, not less than 5 centimetres in diameter. If desired, from 
15 to 29 grins, of pure dry sand may he previously placed in the disli. • 

^2.) Baheoch Ashesloa Md1iod.—k hollow perforated nichil cylinder, 60 
mm. long, 20 mm. in diameter, and closed 5 mm. from one end by a disc 
of the same material, is loosely filled with from 1‘5 to 2*5 grins, of freshly- 
ignited woolly asbestos, free from fine or lirittle material. The perforations 
arc about 0*7 mm. in diameter, and the same distances apart. 

The weight is taken of the metal tube thus packed. A definite weight, 
say 4 grms. of milk, is taken and introduced on to the asbestos. The 
whole is dried to constant weight, and the residue may be conveniently 
used for the determination of fat by exhaustion with volatile solvents. 

Vacuum Procesm . — Tiie authors find that total solids may be esti- 
mated ill the following way : — 5 c.c. of milk are placed in a small flask ; 
this flask is connected with a second, containing strong sulphuric acid. 
The flasks are made vacuous by means of a good mercury pump ; the milk, 
on gently heating, Iosifs all water at as low a temperature as 49". The 
solids are dry under two hours, hut the weight is generally 0*5 per cent, 
higher than by the ordinary processes. 

A modification of this process is the DireH Defer tnination of the Water , — 
In most analyses the water is inferred from the loss; it may, however, 
occasionally ho necessary to estimate it directly. This can be readily 
done as follows: —6 c.c. of milk are placed in a small flask; a piece of 
tubing is sealed at one end, and grsiduated into c.o.'s; it •will only be 
necessary to mark it at 4 '5 and at 5 '5, graduating it, between these numbers, 
into lOtlis. The tube is now bent twice at right angles, and connected by 
a caoutchouc cork to the flask ; another narrow tube goes to tlic mercury 
pump ; the flask is now exhausted of air ; and by aj^plying a flame to the 
connecting tube, the tube is drawn out and sealed. By now plunging the 
limb of the graduated sealed tube into ice and salt, and gently warming 
the flask, the milk boils, the water is all condensed in the limb, and the 
amount can be seen by simple inspection. A somewhat similar method of 
analysing milk, by a special apparatus, has been patenied in Germany by 
J. Petri and R. Muenc^.^. 

§ 140a. {c.) Fat—f 

Solvents for Fat^'T\\Q solvents for milk-fat are petroleum-ether, ether, 
bisulphide of oarbpi^ etc. Bisulphide of carbon has some advantages when 
acid milks are jmaiysed, since it has no solvent action on the lactic acid. 
In quite fresh^ilks, however, the quantity of lactic acid is so small that 
ether may he|u8ed. 25 to 50 c.c. of milk are evaporated in a flat dish 
with constant ||irring and breaking up of the caseous films by a glass rod, 
until the whA is reduced to a rather coarse granular powder. This 
powder may beltensferred to any simple apparatus in use for the exhaustion 

^ Oerman Pdfc. No 7477. A simpler method is to add to 10 c.c. of milk 50 c.c. of 
ordinoiy paraffin Ju, and distil into a graduated tube. A little tannin and a few lumps of 
pumice stone pAent bumping. If the distillate is received into a graduated tube the 
results may be sftply read of^ 
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of substances by volatile solvents ; as, for example, Soxhlet’s described at 
page 49, — the results are a little low. 

(a.) Addition of Sandy or Sulidiate of Liimy or other Powder , — Niiiiicroiis 
experiments by English analysts on the extraction of milk-fat by solvents 
acting on dried milk have fully proved that the greatest accuracy is- only 
obtained by subdividing minutely the dry milk solids; this may be done 
either by mixing gypsum, sand or powdered pumice stone ; the amount of 
indifferent material used must be at least equal in weight to the milk 
taken, and it is advantageous to double the quantity ; for instance, 20 gnus, 
of gypsum to 10 grins, of milk. The material is stirred into the pulk, 
dried, and thoroughly well {mlveriscd, the powder being then transferred 
to a Soxhlet’s apparatus, and exhausted by solvents in the usual way. 

((i) Adauoi* Mdkod of Kxtraelinfj MUk-Fat — The Society of Public 
Analysts appointed in 1884 a committee to investigate the best methods of 
milk analysis. The members of the committee analysed by di fferent methods 
a large number of samples. 1’he results were of considerable interest, 
especially with regard to extraction of the milk-fat.^ ^The committee 
clearly established that milk evaporated to dryness in the ordinary way 
retains with tenacity a small quantity of fat, and therefore the Wanklyn 
method is always a little low. The results of the Wanklyn iiK'thod are 
better with milks rich in fat than with poor or skimmed milk ; in the latter, 
the longer the total solids are dried, the loss are they amenable to the 
influence of ether. J3y finely dividing the milk, as for example by mixing 
it into a paste with plaster of Paris, drying, and then exhausting in a 
Soxhlet, much higher results wore obtained. “Milks so highly skimmed 
that they yiehled nothing practically by Wanklyn’s method, give upwards 
of *6 per cent, by the plaster of Paris method ” ; but the host results of all 
were obbiined by an ingenious process invented by Dr. Adams— this consists 
in spreading a measured or weighed quantity of the milk over a small 
(Soil of specially prepared blotting- or filter-paper. Special paper cub into 
strips can now be bought. 6 c.c. of the milk are very gradually dropped on to 
the coil, distributing it as evenly as possible ; it is then dried at 100" C. and 
exhausted by ether in a Soxhlet. Sour milks, which Dr. Adams has proposed 
to treat with ammonia so as to liquefy them, admit of analysis by means of this 
coil w'ithout such addition. In the latter case a quantity can be weighed 
out in a tared dish, and poured on to the coil, the dish being rinsed out by 
the least quantity of water possible ; the washing being added to the coil. 

The general result of the coil process is that it gives results about *5 
per cent, higher than the Wanklyn method, and *2 per cent, higher than 
the plaster of l^aris method. To meet the obvioua objection that the coil 
method might perchance yield something to ether either than fat, careful 
analyses were made by the committee of the other-extwts, both from the 
plaster of Paris method and from the coil method ; blit in both, fat, and 
fat only, was found to be extracted. 

(y) Estimation of Milk-Fat hy Centrifugal Machines. One of the 
earliest, *the lactocrite,’ was patented by Carl G, P. de Laval (1885, 
No. 8610). The milk-fat is separated from the milk by strongly acidifying 
and rotating the milk in a special tube in a centrifugal |ttachine. 

The tube is thus described in the specification : — I’h^est vessel consists 
of a cylindrical silvered metallic box (a), into which a plug, likewise silvered 
{b)y fits accurately. This plug is turned and bored hollow from the bottom, 
tapering towards tho top into a fine hole communicating with a narrow 
- * Analyst y Jau. 1886. ^ 
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tube (c) fixed to the plug, and either graduated or not graduated, llliis 
glass tube is fixed upon the plug by the nut {d) received into the socket or 
holder (e) secured to the plug and surrounding the tube, and provided 
with opposite openings so that the degrees on the tube may bo read. The 



nut is provided with a hole {q\ so that the plug and the tube constitute 
conjointly a vessel or channel open at both ends (fig. 33). 


TAIjLE XVIII/;.--('oM?AnifiON of Centrifugal DhterminaAons of 
Milk-Fat with Adams’ Phocksses.^ 


N<i. of 
Samples. 

Specific 

Gravity. 

Total 

Solids. 

Fat. 

Solids not Fat. 

Ash. 

1 av > 

tocrite. 

Adams’ 

Calculated by 
Olaiisnizer's 
Fonnula. 

Lnc- 

tocritc. 

Adams’. 

Calculatcdby 

ClaiHiiirer's 

Fi^nuula. 

1. 

i 033-0 

12-90 

3-40 

3-44 

3-42 

9-50 

9-46 

9-48 

•80 




3'f.O 



9-40 




2 . 

103T0 

14-12 

4 -."jS 

4-69 

4*62 

9-57 

9-43 

9-50 

•80 




4-65 



9-47 




3. 

1032-0 

13-12 

3-60 

3*67 

3-62 

9-52 

9-56 

9-60 

•77 

4. 

1030-,") 

13-07 

3-90 

3 99 

3 -SO 

9*17 

9-08 

9-18 

•74 

6. 

1032-0 

12-98 

3-80 

3-76 

R'.' 1 

9-18 

9-22 

9-47 

•76 

6. 

1031-f> 

14-27 

4-90 

4*84 

4 '63 

9-37 

9-43 

9-64 

•76 

7. 

1032-5 

13-84 

4-20 

4-26 

4-08 

9-64 

9-68 

9-76 

•78 

8. 

1030-6 

13-00 

3-70 

3-69 

8-84 

9-30 

9-31 

9-16 

•76 

0. 

i031-0 

13-51 

4*05 

4*09 

4*14 

9 46 

9-42 

9-37 

•80 

10 . 

1034-0 

11-70 

2-TO 

2-07 

2*12 

9-66 

9-69 

9-64 

•76 

11. 

1035-0 

9-99 i 

•45 

•502 

QO 

9-54 

9-488 

9-472 

•86 


The milk is preiiared as follows: — An equal volume of milk and a 
mixture of acetic and sulphuric acids (20 vol. of glacial acetic and 1 vol. 
» See also Table XVIIR 
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cone, sulphuric acid) are placed in a test tube provided with a cork, through 
which a fine glass tube (to allow for expansion) is carried, and the tube 
with its contents is then heated in a water-bath for five or six minutes; the 
special tube is then charged and transfen*ed to a recess on a metallic disc; 
{x\ previously brought by hot water to the temperature of ijO** C. The disc 
is usually fitted with twelve such recesses, so that twelve samples of milk 
may be operated upon at one and the same time. The <lisc is rotated at a 
sj)eed of 6000 revolutions per minute; after from three to'five minutes the 
milk-fat will have risen in a well-deiined layer; the reading is done at once 
while the tubes are warm. The divisions are in tenths, thus 33*5 is egunl 
to 3-35 per cent, of fat in tlie milk. 

The lactocritc is not much used now, its place being taken by various 
centrif»igal machines, the most favoured being the Letlman and Beam and 
the Lister-Babcock. The disc in these does not recpiire to bo kept 
specially warm, the casein is brought into solution by* strong hydrochloric 
and suli)huric acids, and the separation of the fat aided by a c(Ttaiu pro- 
portion of amyl alcohol. There are printed directions supplied by the 
makers of each instrument. 

(^5) SoxhJfifs Pwrj'Sff. — F. Soxlilet’ is the author of a very ingenious 
process of milk analysis. This process is based on the fact, that if a 

measured (piantity of milk, alkaliscd 
by caustic potash, be shaken up 
with ether, the ether fully extracts 
the milk-fat, and, on standing, 
collects in a clear layer. A small, 
quite constant, proportion of ether 
remains in solution in* the milk, 
without retaining any of the fat, 
and without affecting the result. 
The amount of the fat dissolved in 
the ether may bo determined by 
the specific gravity of the other; 
the higher the specific gravity the 
greater the proportion of milk-fat. 
The details of Soxhlet’s method are 
as follows : 

The apparatus figured (see fig. 
34) is used. C is a measuring 
flask of 300 o.«. capacity, provided 
with a doubly -perforated cork, 
and connected, on the one band, 
with the caoutchouc elastic bulbs 
figured, which are funiished with 
suitable valves, and, on the other, 
with the tube 1), which is provided 
with a water-jacket. This tube 
carries an areometer,. E, which 
bears a delicate scale of from 
•766 to -74.3, and it has also a thermometer, divided into thirds of a 
degree. 200 o.c, of milk are measured by means of a pipette, and run 
into the flask; 10 c.c. of potash and 60 c.o. of ether, which has been 
saturated with water at from 16"-5 to IS'-S C., are then added, and the 
1 JSeitschri/l^der LandwirUisch. Fer, Bayem. 1880 , 
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vphole shaken up in the properly closed flask for a quarter of an hour. 
The fluid is then allowed to repose until the ether rises in a clear layer 
to the surface. l>y gi'iitly workinj^' the caoutchouc bulbs, a sulficient 
quantity of the fat-laden ether may now be blown up into th(5 tube D, to 
float the ereometer. (It should be mentioned tliat the tube goinj^ through 
the perforated cork of is so arranged as to dip w^ell into the etlier, but 
does not toucli the surfacii of tlui milk.) 'Phe areometer must float freely, 
and for this purpose there arc little prominences on the inside of D, about 
the middle, for the purpose of keejiing the instrument from adhering to 
the side. When suftieieiit ether has tlius been blown up, it is retained by 
a pinch' cook, and a (jork is litted into the tube 1), to prevent loss by 
evaporation. The water in the jacket must be of any temperature between 
IG^'h and 18“ ‘5 C. The specific gravity once obtained in this way, and the 
tenqierature of the areometer noted, the content in fat of the milk is 
deiennined by the annexed table (]>. 222). 

If the tein[»eraturc is exactly 17 -5 0., then no correction is required ; but 
if it is above that temperature, for every degreii, a degree must be added 
to tlie gra\'ity ; if below, for every degree, a degree must be subtracted. 
Thus, supf)osing the areometer marks 58*9 at lG“'iS ()., then, as the difference 
between 16“*8 and 17“*5 is 7, subtract *7 from bS'O, equalling 58*2 ; or if 
the observation be 47*6 at 18“ *4 (1, tlien the (corrected value is 48*5 (t.e., 
specific gravity ■7<18 r )0). 

Afterwards the ether is allowed to run back into the flask, and D is 
washed out with a little ether. The authors think that the apparatus 
might be improved by adopting the principles used in the tube figured at 
p. 22d, arvi floating the other layer by means of mercury, 

(c) Thfi WiU'Tier-iSchmidt vuthoif of fat mtimafion gives accurate results. 
A test tube of 50 c.c. capacity is calibrated in cubic centimetres and 
tenths ; into it are placed 10 c.c. of milk, or a weighed quantity (say 5 
grm><. ) of cream, 10 c.c. of strong hydrochloric acid added, and the whole 
boiled, with shaking until the liquid forms a dark brown .Solution. The 
tube, with its contents, is rapidly c(M)lcd by placing it in cold water; a 
known volume of ether is added by filling it up to one of the divisions, 
some 25 to 30 c.c. of ether being necessary. The contents are now 
vigorously shakiui for half a minute, and the tube is allowed to stand for 
five minutes. At the end of that time the layer of ether is carefully 
read, and an aliquot part pipetted off, evaporated to dryness, and 
weighed, 

T1k‘ majority of analysts now prefer to exhaust the contents of the tube 
with several quantities of ether and so remove the whole of the fat. 

If a nnasured quantity of ether is to be used, then Stokes’ tube (see fig, 
34<x) is the most convenient. 

If the whole of the ether with its contained fat is to be removed, one of 
us has invented the following apparatus, which will be found convenient. 
The apparatus consists of a small mercury reservoir attached by means of 
a caoutciiouc tube to a glass bulb of convenient capacity, which terminates 
in a two- ..ay stop-cock connected with two very narrow right-angled tubes 
(see fig. 34a). The prepared milk is sucked in through one right-angled 
tube by lowering the reservoir; the vessel in which the milk was heated 
is w ashed with ether which is sucked into the bulb, the mercury is nearly 
all run out, the taps turned off and the vessel shaken, then allowed to stand ; 
the ether is then expelled from the other tube by raising the reservoir 
carefully ; in this way the wfij^le of the ether v4iioh has risen to the top 
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may be removed. The last drops of ether remaining in the side tube may 
be removed by arlmitting air through one tube and expejling it through 
the other. M^hroc or four extractions will suffice to deprive tiic sample of 
all milk fat. 


TAHLK XVIlIf.— CoujiKCTiON ov Si'EoiFie Chavity of the Etiikkfal 
S oLirriov of Fat (p 221). 


aperino 

Fat 

3*er 

OUllt. 

Specific 

Fat. 

Specific 

Fat. 

Per 

Specific 

Fat. 

S]> 0 (;iflc 

Fat. 

I'cr 

gravity. 

gravity. 

cent. 

gravity. 

cent. 

gravity. 

wilt. 

gravity. 

edit. 

43 

2*07 

477 

2*61 

62-3 

3*16 

.56-9 

:{'74 

61*6 

4 -.39 

43-1 

2 -OH 

47*8 

2 -62 

52*4 

3 17 

.57 

3*76 

61'6 

4-40 

43-2 

2 09 

47*9 

2 63 

.‘■*2 '6 

3*18 

57 -3 

8*76 

3*78 

61-7 

4 '4*2 

43*3 

2*10 

48 

2*64 

52-6 

3-20 

.57*2 

61 -8 

4*44 

43-4 

2*11 

48*1 

2-66 

62*7 

3*21 

57*3 

3*80 

61-9 

4*46 

43*5 

2*12 

48-2 

2*67 

52*8 

3*22 

57‘1 

3*81 

62 

4*47 

43*6 

2*13 

48 ‘3 

2-68 

' .52-9 

3*23 

67 r> 

3 •8*2 

62*1 

4*48 

437 

2-14 i 

48*4 

2*70 

ss 

3*25 

.57 '6 

8*84 

62*2 

4-60 

43*8 

216 j 

48*5 

271 

53-1 

3*26 

67*7 

3*8.5 

62*3 

4 '52 

43-9 

2*17 1 

48*6 

2*72 

53*2 

3*27 

57*8 

8 '87 

62-4 

4 '63 

44 

2-18 : 

487 

278 

53 '3 

3-28 

.57*9 

3*88 

62*5 

4 *.55 

44*1 

2*19 : 

48 -8 

274 

53*4 

3*29 

68 

3*90 

62*6 

4 -.56 

44 ’2 

2*20 1 

48‘9 

2 75 

63'6 

3-.30 

,58*1 

3*91 

62*7 

4 *,58 

44*3 

2*22 

49 

2*76 

53 '6 

3*81 

58*2 

3*92 

62 '8 

4*69 

44-4 

2*23 

49*1 

277 

63*7 

3*33 

.58 '3 

3*93 

62*9 

4'61 

44*5 

2*24 

49*2 

2*78 

53*8 

3*34 

68*4 

3*9.5 

63 

4*63 

44 -G 

2'25 

49*3 

279 

6.3*9 

3-35 

58*5 

3*96 

68*1 

4*64 

447 

2*26 

49*4 

2 80 

64 

3*37 

1 58*6 

3*98 

602 

4*66 

44*8 

2*27 

49 •6 

2 '81 

54*1 

3 *,38 

.58*7 

3*99 

63*3 

4 '67 

44-9 

2*28 

49*6 

2*83 

,54*2 

3*89 

.58*8 

4*01 

63*4 

4 '69 

46 

2-30 

497 

2*84 

64*3 

8*40 

58*9 

4*02 

63*6 

4 '70 

4.V1 

2’31 

49*8 

2-86 

64*4 

3-41 

.59 

4 03 

68*6 

4*71 

46-2 

2*32 

49’9 

2*87 

64*6 

3*43 

,59*1 

4*04 

63 7 

4*73 

4.5*3 

•2*33 

50 

2*88 

.54*6 

3*45 

69*2 

4*06 

63*8 

475 

45*4 

2*34 

60*1 

2'90 

547 

8*46 

59*3 

4*07 

63 '9 

477 

46*5 

2 '3.5 

50*2 

2*91 

64*8 

3 '47 

59 '4 

4*09 

64 

479 

45*6 

2-36 

60-3 

2-92 

54*9 

3*48 

59*5 

4*11 

64*1 

4*80 

4.57 

237 

, 60*4 

2*93 

55 

3*49 

69 '6 

4*12 

64*2 

4*82 

45-8 

2*38 

I 60*5 

2*94 

65*1 

3*61 

597 

4*14 

64*3 

4*84 

45*9 

2*39 

' 60*6 

2-96 

65*2 

8*62 

69*8 

4*16 

64*4 

4*85 

46 

2*40 

607 

2-97 ! 

56*3 

3 *.58 

59*9 

4*16 

64-6 

4-87 

46-1 

2*42 

60*8 

2*98 1 

55*4 

3*65 

60 

4*18 

64*6 

4*88 

46*2 

2*43 

60*9 

2-99 

56*6 

3*66 

60*1 

4*19 

64 7 

4*90 

46*3 

2*44 

61 

3-00 

66*6 

3*.57 

60*2 

4*20 

64*8 

4*92 

46*4 

2*16 

; 61*1 

3*01 

567 

8*59 

60*3 

4*21 

64*9 

4 '93 

4G*6 

2*46 

! 51*2 

3 03 

55*8 

3'60 

60*4 

4-23 

66 

4 '95 

46-6 

2*47 

61-3 

3*04 

65*9 

3*61 

60*5 

4**24 

65*1 

4*97 

467 

2*49 

61*4 

3*05 

56 

8 -63 

60*6 

4 '26 

65 '2 

4*98 

46*8 

2*60 

! 61 *.5 

3*06 

66*1 

8 '64 

60*7 

4*27 

66*3 

6*00 

46-9 

2*51 

1 51*6 

3*08 

66*2 

8'65 

60*8 

4*20 

66*4 

6*02 

47 

2*62 

i 617 

3*09 

66*3 

3*67 

! 60*9 

4*30 

65 '6 

6*04 

47-1 

2*64 

1 61 ’8 

3*10 

66*4 

3*68 

61 

4*32 

65*6 

5*06 

47*2 

2*6.5 

61 9 

3*11 

56*5 

8’69' 

61*1 

4*33 

667 

6*07 

47*3 

2*56 

62 

3*12 

66*6 

8*71 

61*2 

4*85 

66*8 

6*09 

47*4 

2*67 

52*1 

3*14 

56*7 

3*72 

61*3 

4*36 

66*9 

6*11 

47*6 

47*6 

2*68 

2*60 

62*2 

3*16 

56*8 

il 

3*73 

61*4 

! 4*37 

i . 

66 

6-12 


N. B. — The uumbei's iu tlio Hpecilic gravity column correspond to tho^ on the 
areometer scale, the number 7 being omitted on account of the narrowness of the stem 
of the instrument ; thus 46 really means 7160, and Si on with the rest 
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(1) Babcock Anbesfos MetJu)d , — This has been already mentioned. The 
cylinder containing the dry solids is extmcted by anhydrous ether and the 
fat weighed after distilling off the ether. 

(rj) Ritihaumn's Method . — 10 c.c. of milk are diluted to 100 c.c. with 
distilled water, 5 c.c. of a 0 per cent, solution of copper sulphate arc added 
and nearly neutralised by sodium hydrate. The precipitate is washed, 
dried, and extracted with ether. 

{6) Galculation Methoth . — An indirect method of estimating milk-fat 
has been proposed by F. Clausnizer and A. Mayer. They assume that 
every percentage of “milk solids not fat” raises the specific gravity *00375, 



1 2 
Fio. 34a. 

1, Stokes* tiibo ; 2, M. W. Blyth’s extraction bulb. 


whilst every 1 per cent, of fat lowers the specific gravity *0010; by there- 
fore fir^t making an accurate determination of the specific gravity, and 
then determining either fat or total solids, the equation can be easily 
solved. 


a: = fat. 

specific gravity, 
total solids. 


_m375-bl-«. 
* *00475 


Richmond suggests the following formula 

T=r total solids \ Q * last two figures of sp. gr. (water - 1000) ; F = fat ; 
then, 

. T-^ + .®-F + -14. 

4 5 

Richmond has calculated out a table (see Appendix) giving percentage 
of fat if total solids and sp. gr. are known. A milk scale, known as Rich- 
mond’s milk scale, is a tisefui instrument and nAich used. 
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(i) Somerset House Method . — See Anahjsis of Sour Milk 
The various mctliods described have hoen critically examined by 
Richmond.^ Ilis results are contained iu tlie following Table XVIlRi. : — 


TABLK XVII If/. -Analysis of Ninii Samplks of Milk by Tiiiikk Diffkiif.nt 
Analysts, kaoii usino Vajiiouh Mi'/riious. 

Mean Results (to indicate variation between methods). 



A. 

11. 



(\ 

1). 

E. 

K. 

G. 

11. 

T. 

Mean. 

Total SolWa: 











Society of l*ultlic Analvsta, . 

1816 


9-68 

10-9] 

1-2-1'.) 

12-36 

n;ii 

16-28 

i:{-3.6 

12-68 

AalicatoH, .... 


14-06 

9-73 

10-92 

12--27 

1-2-37 

11-3.6 

10-11 

i3-;57 

1:'-01 

Sonieract. llouae 

1 .*2.'. 

14 -oe 

'.*•02 


12-46 

12-61 

11 -.6.“. 

Ifi-KS 

13 48 

12-7-2 

Fat.: 











AdaniH («lvy ether), 

4“2f» 

4 60 

•23 

2-6.'i 

.2- 1-2 

3-47 

^ 09 

8-21 

4-20 

:5-76 

A(luiMH(c<)UUtD>i-dal ether), . 

4-2.'» 

4*60 

•28 

2-68 

3-1:1 

:{46 

,‘{•06 

8-21 

4-33 

:{-7s 

Werner Schiiihit, .... 

4'2() 

4-78 

*.‘»2 

2*72 

SIS 

:{‘ri2 

3-{»9 

8-72 

4 -,*53 


Son luraet House,' .... 

4-‘i4 

4-W 

•iS 

2 71 

316 

3-46 

;{ o:! 

8-26 

.i-:n 

:{-77 

Contrifiiga], . . . . , 

4-2' 

4-58 

•18 

2-n.'> 

:f;!0 

:5-52 

3-06 

7-$«) 

4-24 

3-72 

Centrifugal (H.) 

4 2r. 

4-r.o 

•20 

•2-70 

Sl.'i 

3-M) 

3 -0.6 

7 '.)() 

4-ir- 

3 72 

Solids not Fat : 











Somerset House 

9 02 

9-46 

9-03 

8-41 

0-83 

9 06 

8-r)2 

7-SO 

9-27 

8-96 

Society Public Analysts— Adams 











Commercial, .... 

8-91 

9-80 

9-40 

8"A3 

9-06 

8-01 

8 2!' 

8-07 

9-02 

8-80 

Soiiiety Public Analyata— AV ernev 










8-70 

Kehmidt 

81W 

9-12 

9’36 

8*19 

9*01 

h-K4 

8-2.6 

7 -.66 

9-01 

Asbestos— Adams (dry), 

9-04 

9-47 

9 f.l 

8*26 

9-18 

8-9.') 

8-311 

7-IHi 

9 16 

8 87 

Cale (li. & n.) 

8-70 

9-10 

9-3o 

8-10 

9-00 

8-80 

8-0.6 

7 -.60 

8-90 

8-61 


§ 141. {d.) Lactose or Milk Sugar — 

(a) MxlracHon of the MilkSugar. — On now exhausting a fatr/rce milk 
residue by weak boiling alcohol, filtering the alcoholic fluid, and evaporat- 
ing to dryness, the milk-sugar, with mineral matters dissolved out by the 
alcohol, is obtained. This evaporation is best eft’ected in a jilatinum dish. 
On drying very carefully, weighing, and then burning the sugar away, the 
ash is left, and must be weighed and subtracted from the original residue 
of milk-sugar and ash. I’he amount of sugar is thus obtained with fair 
accuracy, always being a little too high. 

(jS) Polarimetrir Methods. — The first step is to prepare a clear whey. 
An excellent paper on this subject was published in 1887 by Dr. W. 
Wiley, the chief chemist for the U.S, Department of Agriculture. He 
used the following reagents for the precipitation of the albuminoids : — 

(1.) Saturated soluiiuii of basic lead acetate. 

(2.) Nitric acid Bolutioii of raevciirie nitrate diluted with an equal volume of water. 

(3.) Acetic acid, specific giavity 1 '040. 

(4.) Nitric acid, specific ^‘avity 1*197. 

(5. ) Sulphuric acid, specific gravity l’?.^5. 

(6.) Saturated solution of sodium chloride. 

(7.) Saturated solution of magnesium 8ul])hate. * 

(8.) Solution of mercuric iodide in acetic acid, a litre of the solution being made with 
161 grms. Hg0]2, 396 gnus. KI, and 228 c.c. of acetic acid. ^ 

Wiley ultimately gives the preference to the following process: — A 
solution of mercuric nitrate is prepared by dissolving in twice its 

weight of nitric acid (sp. gr. 1*42) and diluting with four volumes of water. 
To 60 c.c. of the milk are added 10 c.c. of the nitrate solution ; the mixture 
is diluted to 100 c.c., well shaken, then filtered through a dry filter and 
its rotation at once observed. The volume of the sugar solution must be 
' Departmental ComnkUUe on MUJe JUgultUionSf 1901, Api>ondix xxiv. 
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corrected by deducting the weight of fat in giummes multiplied by 1*075 
and the weight in grms. of the proteids multiplied by 0 8. 

For exaniido, a sugar-containing Iwpiid from 60 c.c. of a milk containing, 
say, 3 per cent, of fat and 3*5 per cent, of proteids, would bo, after dilution, 

100-(l*8x 1*075 + 2*1 X 0*8) 

= 100- (1*935 + 1*68) 

= 96*38 c.c. 


Wiley takes the specific rotation of milk-sugar as (a)/, = 52 5“; the 
percentage of sugar is then calculated in the ordinary way. 


Milk-sugar 


1 00 X 

52*5 X e 


= angular rotaticti found, and c = length of tube. 

The result must then be multiplied in the case given by 


96*38 

100 


to correct 


for volume. 

This will give the hydrated sugar in 60 c.c. of milk, or if anhydrous 
sugar is reepnred x by 0*95, which will give wciglit of anhydrous sugar in 
60 c.c. of milk or in 60 grins., if the volume is multiplied by the specific 
gravity. 

The whole calculation may be expressed thus : — 


Anhydrous milk-sugar by weight = ^ 


100 -(1*075 F x*8P) ^ 

a"" 


*95 • 

Or, 

Where Q = (piantity of milk taken. 

Weight of fat in (juantity, of milk. 

= Weight of proteids in tpiantity, Q, of milk. 

I — Lengtli of tube. 

ViMs Method.— Thm is nearly the same as Wiley’s. Vieth, however, 
uses mercuric nitrate; prepared by dissolving mercury in twice its weight 
of nitric acid (sp. gr. 1 *42) and adding an eipial bulk of water. 

There is some difficulty in obtaining accurate estimates of the milk- 
sugar in human milk, the filtrate with ordinary precipitates being still 
turbid. P. Thebaulti recommends a preliminary precipitation with picric 
acid and glacial acetic aend ([ucric acid 10 grms. per litre, acetic acid 26 
0 . 0 . per litre). 

Kichmond and Carter foimd the results of estimation by Fehling and 
polarisation unsatisfactory, and estimate the sugar by difference. 

(y) Gramnietric Mathodif. — The proteids and fat must be removed ; this 
may be effected by copper sulphate. 25 c.c. of the sample are diluted 
with 400 c.c. of water and 10 c.c. of a solution of copper sulphate (34*64 
to 500 c.c. of water) are added to the milk made almost neutral with 
sodium hydrate. If O’Sullivan’s or Weiu’s method is to be used, the 
(jriginal 25 c.c. of milk must be diluted to 250 c.c. The prccipihite is 
filtered off through a dry filter. 

WMa Method.— GO c.c. of Fehling are mixed with twice their volume 
of the filtrate obtained as above ; before mixing, both solutions should be 
heated in the water bath. The mixture is boiled for exactly four minutes 
* Joum. Pharm. (6), iv.«6. 
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and filtered through a Soxhlct tube, previously plugged with asbestos and 
weighed. The filtered oxide is well washed with water and reduced to 
metallic copper in a current of hydrogen gas at a gentle rod heat ; or the 
.copper may bo dissolved in nitric acid and deposited electrolytically on a 
platinum dish. The milk-sugar may then be calculated from Wein’s table. 

TAIJLE XVIIIc. -Weiv’s TAuiiW for Oaloulatii^q the Weight of Milk-sugar 
PROM Till! Weight of Copper Keduoed. 


Ooppur. 

Milk- 

buprar. 

Copper. 

Alilk- 

aiigiir. 

Copper. 

: Mtlk- 
sugar. 

120 

86-4 

215 

1.58-2 

310 

232*2 

125 

90*1 

220 

161-9 

315 

236*1 

130 

93*8 

225 

165*7 

320 

240*0 

135 

97*6 

230 

169*4 

325 

243*9 

140 

101*3 

‘235 

173-1 

330 

247*7 

145 

105*1 

240 

176-9 

335 

251*6 

150 

108-8 

245 

180-8 

340 

255*7 

155 

112-6 

250 

184-8 

345 

259*8 

160 

116-4 

255 

188-7 

350 

263*9 

165 

1-20-2 

260 

192 -5 

35.5 

268*0 

170 

123-9 

265 

196*4 

360 

272*1 

175 

127-8 

-270 

200*3 

365 

276*2 

180 

131-6 

275 

204-3 

370 

280*5 

185 

135-4 

280 

208*3 

375 

281*8 

190 

139-3 

285 

212*3 

380 

289*1 

195 ' 

14’i-l 

290 

213**3 

38.5 

293*4 

200 

146-9 

295 

220*1 

390 

*297*7 

205 

150-7 

300 

2-24*4 

395 

302*0 

210 

164-5 

805 

•228*3 

400 

306*3 


So’^ hlct’s method only dill’ers from Wein’s in minute details. O’Sullivan’s 
methiKl is also similar, and has boon already described at p. 112. 

((5) Volumetric Metlmls, — These have been already described at pages 
114-115, Most of the methods are applicable to the determination of 
milk-sugar. 

S 142. (e.) Total Proteids — 

KjetdahVn Method. — The nitrogen is determined in 6 grms. of milk by 
Kjeldahl’s method (sec p. 97). The sulphuric acid is added directly to 
the milk, which need not be evaporated. 

According to Munk,^ milk contains a sensible proportion of non-proteid 
nitrogen, from *022 to 034 per cent, in cow’s milk and from *014 to *026 
per cent, in human milk. The American Association of Official Agricultural 
Chemists use the factor 6 25 to convert nitrogen into milk proteids instead 
of the usual factor 6*38. 

RUthaumi's Process. — To 10 c.c. diluted to 100 c.c. are added 5 c.c. of 
6 per cent, sulphate of copper solution. The solution is nearly neutralised 
by half normal soda solution, but it must remain slightly acid ; hence the 
acidity is determined (jarefully on another sample of the milk, using 
pheiiolphthalein as indicator before adding the copper sulphate, so that 
the exact quantity of sodium hydrate to be added is known. The 
precipitate is washed once or twice by decantation, passing the washings 
through a tared filter; the precipitate is next transferred to the same 
filter and well washed. The nitrogen in the filter and its contents may 
' Joumi, Chem, 6’oc., 1894, xi., 196, 
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be detel-mined^by Kjcldalil’s method, or the filter with coritouts may 
be dried at 130 C. The weight found is that of proteids, fat and mineral 
matter. On burning to an ash and subtracting, the result is total protcida 
and fat. The fat having been already obtained by other methods, the 
proper quantity of fat is subtracted from this weight, which then 
equals tiie protoids. 

Or the wet filter may be washed with alcohol, extracted with ether in 
a Soxhlct apparatus, then dried and weighed, and lastly burned to an ash ; 
oil subtracting the ash the total protoids are obtained. 

, Estimation of Gamin and c.c. of milk are divided into 

three equal portions. One of these iiortions is diluted to about four times 
its volume, and acidified with dilute acetic acid until tlic casein coagulates 
in a flocculcnt condition ; a current of carbon dioxide is now passed through, 
and the precipitate allowed to subside. The whey is then carefully syphoned 
off' on to the second portion of the milk : more acid, if necessary, is added ; 
the same operation repeated ; and this second wlioy similarly added to the 
third portion of milk. Finally, the whole of the casein is collected on a 
filter, and waslicd. The result of the process is, that the albumen from 
100 c.c. of milk is held in solution in about 260 to 31)0 c.c. This solution 
is now raised to the boiling point, and gently boiled for a few minutes, 
d'he whole of the albumen fulls down, and is easily colhicted on a previously 
dried and weighed filter. This easy separation of the casein and albumen 
by acetic acid and carbon dioxide only applies to the milk (d the cud* 
chewers ; with human milk, the milk of the horse or of the ass, the process 
gives no good result : when treated in the same way, it is true that the 
casein appears to coagulate, but is in a state of such fine division that 
nearly au of it remains suspended in the liquid, and filtration through paper 
becomes impossible. From all these a clear hltrate may, however, be 
obtained by filtration under pressure through one of the Pasteur or 
Ilerkfeldt caudles, or the gIobular-sha|>ed vessels formed of kaolin and 
(juait/., as described by W. Pukall. The globular shape is spmewhat better 
than the cylindrical. In all these cases the filtration is upwards ; by means 
of an angle tube and caoutcliouc-pressure tubing, the filter is attached 
to a mercury or water pump. The milk is diluted, acidified with acetic 
acid, and saturated with carbon dioxide a.s before ; the filter is then totally 
immersed iu the dilute acid milk, which for this purpose is placed in a tall 
beaker ; a good vacuum is maintained, and ultimately the whole of the 
whey passes through, and the casein may be washed two or three times 
with water. 

Tliis method has been modified by Rittbausen.^ 10 grms. of milk are 
diluted with 90 c.c. of water at 42* to 43’ C. aud 1*5 c.c. of a 10 per cent, 
solution of acetic acid added ; after 6 minutes a precipitate of casein settles, 
the albumen remaining in solution. 

The precipitated casein is treated with alcohol aud ether, weighed and 
burnt up to an ash as in the estimation of total protoids. The albumen is 
obtfiined by neutralising the filtrate with sodium hydrate aud adding 3 c.c. 
of a 10 per cent, acetic acid solution, fioiling for 15 minutes, and collecting 
on a tared filter; or the N in the albumen may be estimated by Kjeldahl’s 
process and the N found multiplied by 6 ‘3 8. 

^ehdien^s Metlwd. — IjCffmanu and Beam havo slightly mtidifiod Sobelien's 
original process as follows: — 10 c.c. of milk are mixed with a saturated 
solution of magnesium sulphate, and the |X)wdered salt added to saturation. 

1 Bcr. CJuivi. (haclU, xxvi., Il|i9-U72, 
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The mixture is washed into a graduated measure with a small amount 
of the saturated solution, and made up to 100 c.c. with tlie same saturated 
solution, mixed, and allowed to stand until separation takes place. 
As much as jwssible of the clear solution is drawn oil with a pipette and 
passed through a dry filter. Of this filtrate an aliquot pirtion is taken, 
the albumen precipitated by tannin solution (prepared by dissolving 4 
grms. of tannin in 190 c.c. of 50 jier cent, alcohol, and adding 8 c.c. of 
acetic acid of 25 per cent, strengtli).’ The nitrogen in the tiinnin pre- 
cipitate is determined by Kjeldahrs process. Phosplio-tungstic acid ^ may 
be used as a precipitant instead of tannin. 

Lehman's Method. — This inethcKl has the advantage over others in 
the fact that no reagent which may cause chemical change in the proteids 
is added. 5 grms. of milk are })oured on to the centres of a porous un- 
glazed porcelain plate, previously wetted with water. In about an hour 
and a half the scrum is absorbed by the plate, the cast^ii and fat remain- 
ing behind. The residue is scraped off the plate )>y means of a spatula, 
the fat extracted with ether, and the reimdning casein dried and weighed. 

143. (/.) The. Ash— 

'file ash is estimated in a quantity of milk, which should not exceed 
25 c.c. It will be found that larger quantities do not at all conduce to 
accui'acy, as the large amount of carbon, with even great care, dcvclofis 
too much heat, and the phosphates arc liable to fuse, enclosing little 
particles of charcoal extremely dilhcult to burn. With small quantities, 
however, the milk rapidly burns to an almost white ash. It may be 
further analysed on the principles laid down at p. 93. 

If porcelain evaporating dishes arc used there wull bo little fei\r of over- 
heating. A good method is to cliar the ash well, extract with water and 
evaporate the filtered aqueous extract to dryness and weigh, after igniting 
at a just visible red heat. This gives ‘soluble iish.' The insoluble ash 
will remain mixed with carbon, but containing no volatile chlorides. This 
part may now be burned up to a white ash without fear of loss. Allen 
adds to the black char a few drops of strong sulphuric acid and one drop 
of nitric acid. On ignition the ash will be obtained white; the weight 
found must be multiplied by *67 to correct for chemical action of sulphuric 
acid on the mineral constituents. 

§ 144. CifriG Acid in Milk. — Various observers, such as lleiikol,® 
Scheibe,^ Vaudin,^ have separated citric acid in quantities of from *05 to 
*11 per cent, from cow’s milk; these observations have found satisfactory 
confirmation by a special research of Alfred Wbhlk.® 

The best method of separating citric acid from milk is probably to 
coagulate the milk proteids by acid mercuric nitrate, using only a slight 
excess of the precipitant. After filtering off the proteids, the clear whey is 
neutralised by soda solution, and heated on the water bath for some time ; 
a white precipitate falls, wdiich consists of mercury and calcium phosphate 

* A1 men’s reagent. 

^ To pnqiare i»hosi)ho-tung.stic acid 100 grms. of sodium runfi^tate arc dissolved in a 
liti’c of water ana 100 gnus, of phosphoric acid solution of specific cavity 1*1 8 added. 
The mixture is boiled and acidified \vitU HCl. After twenty- four hours the whole is 
filtered ; the filtrate is then ready for use. 

* Jahrcsbericht der Thierchemie, 1889, § 94. 

* Landwirthschaftlkha Versitchs-Stodiovm, 1891, § 244, 164. 

® Annalcs dc VInsfitut Pasteur ^ viii., 502. 

* Uelier die Einwirkung vou Brom and Kaliumperman^nat und Oitronensanrt 
(Stahi-c’s Reaction) and den Nachweis von Citronensauro in Mdch,” von Alfred Wbhlk. 

f. analytiiche Che7nie, 190f, 79. 
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and citrate. The mercury is got rid of by acidifying with hydrochloric 
acid, and passing a current of SITg through the liquid. After filtering off the 
mercuric sulphide, the liquid is cooled, a solution of calcium chloride added 
and exactly neutralised by soda solution, using decinormal phenolphthalein 
as an indicator. The calcium phosphate falls, the calcium citrate remains 
in solution. On filtering off* the phosphate and lioiling, calcium citrate is 
deposited. 

To identify the salt, a little of it may be dissolved in dilute sulphuric 
acid and permanganate solution added until the liquid is of a pink colour. 
Tho 2 )ennanganate oxidises citric acid to accton-di-carbon acid, which gives 
with Deniges reagent (D grms. of mercuric oxide dissolved in 20 c.c. of 
sulphuric acid and made \ip to 100 c.c. with water) a crystalline precipitate. 

When added to the same {)ermanganate solution, a few drops of bromine 
water produce a crystalline precipitate of penta bromaceton (melting point, 
73** C.). 

An acid organic substance which, on boiling in neuti'al solution, yields 
with calcium chloride a precipitate, which gives, when oxidised with 
2 )otassic permanganate, a crysUlline precipitate with ]‘)cniges I'eagent, and, 
on carrying the oxidation a stej) forward, forms penta- bromaceton e with 
bromine water, must be citric acid. 

To estimate citric acid, the simplest method is to convert the calcium 
citrate by ignition into calcium carbonate, and titrate with deci-normal 
acid ; or, ratlicr, to dissolve the carbonate in a known volume of the acid, 
and titrate back with standard alkali, using methyl-orange as the indicator ; 
2 c.c, of d 4 i. a(5id C(iual8 G’4 mgrms. of citiic acid. 

§ 145. Kdimation of Urea . — The estimation of urea is of some im- 
portance, since any disorder interfering with the action of tho kidneys 
throws (as has been well ascertained) an excess of urea on all tho secretions 
of the body. A known quantity of milk, which should not be less than 
half a litre, is evajjorated with constant stirring in very lM*ge flat dishes 
to a granular condition. The fat is next extracted by dry ether, and from 
the fat-free solids the urea is extracted with other substances by absolute 
alcohol. Tho alcoholic solution is evaporated to diyness; and from this 
dry residue the urea may be further purified by dissolving in alcohol. 
A litre of milk in its normal state yields about 10 mgrms. Urea must be 
identified by its properties as follows : — 

It is crystalline, crystallising in quadratic prisms, and polarising with 
a gentle blue colour under the microscope. The crystals should be heated 
with a little hydrate of baryta in a closed tube to 200'* for some hours, 
when a very definite reaction ensues, ammonia and carbon dioxide being 
produced. The liquid may be distilled, and ammonia identified by tho 
Nessler test. Carbonate of baryta will appear as a precipitate, and may 
be readily examined, converted into sulphate, and weighed; 1 part of 
barium sulphate = *2574 urea. A convenient method of identifying urea 
is also tt) dissolve the crystals in the smallest possible quantity of water, 
and then to add a drop of dilute nitric acid ; tho nitrate of urea is pre- 
cipitated, and can be identified by its microscopic characters. Nitrate of 
urea crystallises in the rhombic system. The most common appearance is 
that of large plates, many of which lie one upon tho other. 

§ 146. Volatile Adds . — Volatile acids may be separated by careful dis- 
tillation in a vacuum, first acidifying the milk by tartaric acid. Acetic acid 
in small quantities is invariably present in fermented milks ; but the dis- 
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tillatc of normal quite fresh milk is neutral. In milks already undergoing 
decomjiosition, it is best to dilute the milk slightly, and filter through an 
earthenware cel), and then distil. Under these circumstances, it is not 
necessary to distil in vamo. 

§ 147. FMimaiion of the Total. ArvUlif of Milk — Estimatim of Lnrtir. 

. N 

Arid. — 100 c.c. of milk are placed in a beaker and titrated with — 

alkali, using jihcnolphthalein as an indicator until a faint pink is obtained. 
It is usual to call each c.c. of alkali used 1" of acidity. Normal milk 
examined twelve hours after milking usually has an acidity of 20“. 

Edimalion of Ladir Arid. — It may be of great importance to make an 
accurate estimation of lactic acid in milk. The following method may bo 
employed : — 'Hie milk is dried, exhausted of fat by carbon disulphide, then 
treated with an alcoholic solution of o.xalic acid, filtered, and an excess of 
h^'drated oxide of lead added. Any lactic acid now contained in the fluid 
will be present in solution as a lactate of lead. The li(piid is filtered, 
saturated with and again filtered, concentrated by evaporation, and 
ixiiled w'ith o.xide of zinc ; on Kltration, evaporation, and standing, crystals 
of lactate of zinc are produced. There are four isomeric lactic acids ; that 
which is obtained from milk is fermentation lactic acid, also termed 
‘ ethylene lactic acid.’ The zinc salt has the composition 2 (C 3 Hr, 03 )/in + 
3Ho(). It crystallises in four-sided prisms; it is soluble in 6 parts of 
boiling, r>8 of cold water. It is nearly insoluble in hot or cold alcohol. 
100 parts of the salt conbiin 25*8 of zinc oxide. Lactic acid itself may bo 
obbxined in a very pure state by decomposing the zinc-stilt with hydrogen 
sulphide, when the acid presents itself as a colourless, strongly pcid li(juid. 
A drop of this acid, placed in the subliming cclV and heated very gradually 
above 200“ C., gives a white sublimate of lactide, a very char- 

acteristic reaction. If the heat is not gradual, this sublimate is not' 
obtiiined, for it then decomposes into carbon dioxide and aldehyde. 

§ 148. Ddertion of Mdtds in Milk. — In rare cases it may bo necessary 
to test for such metals as copper, zinc, lead, mercury, arsenic, or antimony 
in milk. 

Non-volatile metals, such as copper or lead, arc conveniently sought 
for by the ordinary chemical rcjictions in the ash. Volatile metallic 
poisons, such as arsenic or antimony, may be looked for as described 
in testing beer for arsenic. Mercury is best detected by Reinsch’s test. 


Q , Tub Analysis of Mii,f for tub Purpose op Detecting 
Adulteration. 


§ 149. The various methods by which milk may be adulterated are 
veiy numerous. The analyst may have to dctecjt and make quantitative 
ostimations when possible of : — 


(1) Tlie addition of wator. 

(2) Tho abstruotioii of fat. 

(3) Tlio addition of si‘]>aratfd milk. 

(4) ,, „ ,, ooiideiiBOfl milk, boiled milk, or stl?rilit^e(^ milk. 

(5) „ „ „ gelatin. 

(6) ,, „ ,, staivli, dextiin, cauo sugar, glucose, or invert sugar. 

(7) ,, „ „ ])ve8ervatives. 

(8) ,, ,, ,, colouring matters. 


^ See Poisons, ih^r EjD'cct and IMcction, by A. Wyiiter blyth. 
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(1 and 2.) AdJpji Water and Ahdraetion of Fat. — Providing the milk is 
fresh and in good condition tho analyst will have to dotermino (a.) specific 
gravity, {h.) fat, (c.) total solids, (f/,) solids not fat. 

(a.) The specific gravity may l)e taken as already described and corrected 
to tho normal temperature by the table on page 216. (/>.) The fat may 

be determined by one of the rapid methods, such as Loftriiauii and Hearn’s, 
(c.) The total solids may be calculated from Richmond’s table (sec Ap- 
pendix). (d.) The ‘solids not fat’ may be determined by subtracting the 
percentage of fat from the percentage of tobil solids. 

With many milks these determinations will be sufficient to decide 
whether the sample is genuine. If there be any doubt, the total solids 
and ash must be directly determined, care being taken that no added 
mineral in the ash is overlooked ; the fat must be determined by the 
Werner-Schmidt method, or by means of an Adam’s coil. On another 
portion of the samplS, the total proteids and milk-sugar must be estimated 

Tho direct determination of tlie total solids should correspond closely 
to the total solids calculated. The milk-sugar, proteids, and ash should bo 
in the average ratio calciilatcd by Victh, »!.«., 13 : 9 : 2. 

If this relationship be much disturbed, or if the asli be alx>vo tho 
normal (?>., 0'75 per cent.) the milk is probably abnormal. In abnormal 
milks the ash is often high, tho milk-sugar usually low. J’rovided that the 
milk be not abnormal, the analyst has now figures from wliich to calculate 
tlie percentage of added water and tho percentage of fat abstracted. 

The percentage of added water is calculated upon the i)crccntage of 
‘solids not fat.’ 

Pcroenlage of added water = 100 - - 

y 

whore ff « ‘solids not fat’ in tho sample, and y = tlio ‘solids not fat’ 
in the original milk. As tho solids not fat in the original niilk are but 
rarely knowui, some standard of comparison must bo tak^i. 

Ill taking a .standfird of comparison a clear distinction must be drawn 
between the average aomposition of milk and tho minimum amount of solids 
not fat and fat contained in genuine milk. 

The average amjmition of milk as deduced by Victh and Richmond 
from 200,000 analyses is: — 

Per cent. 


Water, 87-10 

Fat, 3 ’90 

Milk sugar, 4 '75 

Casein, 3*00 

Albumen, *40 

Ash, -75 


The average composition of milk produced for sale in this country is 
according to the Report of the DepaHmental Committee on Milk and Cream 
Regulatiom^ 1 901 ; — 

Per cent. 

Total solids, ..... 12*6-12 *8 

Fat 3*7- 4*0 

llio minimum amount.of solids not fat found in the mixed milk of a 
herd of cows, such as are kept in this country, is best illustrated by 
Richmond’s figures Ho has shown ^ that only in 2*19 per cent, of the 
samples are th(f ‘ solids not fat ’ likely to fall below 8*5 per cent . ; in only *3 
* Dairy Chemistry^ 1901, p. 1^2. 
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per cent, of the samples arc they likely to fall below 8'4 per cciit., and even 
in these cases, at least ‘5 per cent, of nitrogen and -7 per cent, of ash will 
be found. 

The minimum amount of fat in the mixed milk of a herd of cows will 
bo rarely found to fall below 3 per cent 

The milk of individual cows will naturally present greater variations 
than the mixed milk of many cows, and before deciding whether the milk 
of an individual cow has been watered or skimmed, the analyst will have to 
take into eonsid(‘ration the circumstances discussed later on. 

1’he minimum amount of ‘solids not fat’ contained in milk for the 
pur])oses of the Sale of Food and Drugs Act has been fixed in this country 
at 8*i) per cent., so that the formula for calculating the added water becomes 

added water = 100- --- 
8*5 


If, however, it is necessary to calculate the probable amount of water 
added, it is better to divide by 8*9 than by 8-f). 

ilichmond (.onsiders that a truer estimate of the real ])ercentage of 
added water is obtained by using the following formula — 

added water = 100 - 1 00, 

34*5 

wdiero 0 equals degrees of gravity in whole numbers, less 1000: linis 
1032 = 32 and /= percentage of fat. 

M. Lescoeur has proposed the following method of detecting added 
water : — 

3’ho milk is coagulated by adding to it a trace of rcniuit, the whey 
filtered ofl and collected. 

The specific gravity at 15“ 0. and the total solids of the whey are 
estimated, 

'J'he speeifle gravity of normal milk whey varies from 1*029 to 1*031, and 
the total solids from 6*7 to 7*1 per cent. 

If the specilic gravity falls below 1*027 and the total solids l)elow 6*7 
per cent, he considers tlie sample watered. 

A. J. Woodmanii ’ proposes a method similar to the above. To 100 c.c. 
of milk 2 c.c. of acetic acid (sp, gr. 1*030) are added. The mi.xture is 
heated to 70“ C. for 20 minutes, then placed in cold water for ten to fifteen 
minutes, filtered, and the sp, gr. determined. Pure milk scrum has a sp. 
gr. of 1*029 ; every 10 per cent, of added water causes u decrease of *0031 
in sp. gr. 

The percentage of fat abstracted is calculated on the percentage of fat 
contained in the sample. 

Per cent, of fat abstracted = 100*-’ where = fat in original milk 
and /o - fat in sample. 

The fat in the t>riginal milk is not usually kiu.wii, : o, as already ex- 
plained, some standard of fat is taken. 

The standard for milk fat in this country has been fixed or the purposes 
of the Sale of Food and Drugs Act at 3 per cent., so that in calculating fat 
abstracted for tho purpose of certifying under this Act, must be taken 
as 3*0 

^ Jourvk Amer. Chem, A’oe., xxi., 603-508. 
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If the amount of fat that has probably been abstraclod is required it 
will be better to take /j as 3*9 instead of 3’0. 

It must, however, be roriiembcred that tiiore are considerable variations 
of fat in genuine inilks, and that the amount of milk fat is often miK'Ji 
higher than 3 9 

§ 150. (3.) AduHm'ati oil with Separated MUk, — Tlie adulteration of wliole 
milk with milk from which a large portion of the fat lias been abstracted, 
is the most common of all adulterations. To what an extent this is done 
may be seen by comparing the milk as siipjdied by farmers with the milk 
sold ‘by retailors in any large town. 

This form of adulteration can only be detected when the original 
composition of the milk is known, or when tlu* fat in the milk falls below 
the standard taken. 

§ 151. (4.) The Adulteration 0 / Freah Milk with Unsweetmed Confirmed 
Millc^ Boded Mill\ 0^ StvrUued Milk. — This has been studied by l^^iber, and 
also by Messrs, Drooji Hichmond and Boseley.^ The original suggestion of 
Faber, that this might be detected by the diminished amount of soluble 
albumen in milk, has been confirmed by Hichmond and Boseley. They find 
the percentage of soluble albumen in fresh milk to vary from 0‘41 to 0'45 
per cent., as estimated by S(?belien’s method of sejiarating casein and 
albumen (see page 227). 

(X H. Stewart give.s the following table, showing the percentage of 
soluble albumen in milk which has been raised to various temperatures: — 


• 


Time of Heating 



S()1ul)ie AliMinieri 
in Kmli Milk. 

Soluble All)Uttien 
in Heated Milk. 

10 

luiniitfs lit UC' (X, . 



•423 

•418 

:;o 


J* M • 



•m 

•4*27 

10 


,, 0 / 1 ° c., . 



•m 

•302 

:]0 


>1 » 



•m 

•BUM 

10 


„ 70" C.,. 



•42*2 

■209 

no 





•421 

■253 

10 


,, 70” a, . 



•3S0 

'07 

30 





•38 

•05 

10 


„ 80 " a, . 



•375 

IIOIU! 

no 





•376 

none 


The following test will also be found useful : — If to 5 c.c. of milk about J 
gramme of paraplienylene-diaminc be added, and then two drops of 10 
per cent. llgOg solution, fresh milk gives a blue colour ; pasteurised milk, 
faint blue ; sterilised milk no colour. 

(5.) Gelatin, see page 270. 

(6.) Starch — Dexirin. — These will be readily detected by their 
characteristic reactions with iodine. 

Cane Sugar — Glucose — Inveii. Sugar — See Condensed Milk (p. 264). — 
For the simple qualitative detection of cane sugar in milk, Cotton’s method 
may be used : — 10 c.c. of the milk to be tested are mixed with 5 grins, of 
jK)wdcred ammonium molybdate and 10 c.c. of dilute HCl (1 in 10). A 
second tube containing milk free from cane sugar is treated in the same 
manner. The two tubes are placed in a w'ater batli and gradually heated. 
At about 80“ C. the milk, if it contain cane sugar, becomes blue, the 
control tube showing but little colour 

1 Analyst, July, 1893. * 
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^ 152. (7.) PreaervaHves . — The substances most frequently added to 
milk in order to jirescrve it for a short time are borax and boraoic acid. 
Usually mixtures of these two substances are sold to fai'mers and dairymen 
under trade names, such as ‘ An^ticanus,’ ‘ Conservine/ ‘Cilacialine,’ 
‘Preservitas,’ and others. The majority of these contain 10 to 20 per 
cent, of borax (Na.,l>^( )7l0I!.,O) and 70 to SO per cent, of boric acid 

Next in importance to boron compounds is a 40 per cent, solution of 
formic aldehyde, known as * Formalin/ and sold as such or under various 
trade names, such as ‘ IjJictic fluid,’ ‘Stcryl/ etc. 

Other preservatives which have been used from time to time arc : — 

Salicylic acjid atid sodium salicylate, sodium chloride and sodium 
carbonate, potassium iiitrak^, sodium fluoride, sodium fluosiliiiate, llmjboric 
acid and iluoborates, /3-naphthol, glycerin, sodium ben/oate. 

Uiclmiond^ dcsc.ribes a curious preservative labelled thus 

consisting of 12J per cent, free boric acid, l.S per ce‘nt. of salicylic acid, 
combined with soda and magnesia in glycerin solution, a bitter princi])le 
being also present. 

§ 153. Thfi Defedioit and Eatimatioii of rrmnwativefi in Milk. — A 
method a])plicablo to all ])ri‘servativcs and capabh; of dealing rapidly with a 
large number of samples is as follows ; ^ — 

Measure out 10 c.c, of each sample of milk into wide clean tost tubes. 
Add to one tost tube as a control 10 c.c. of milk known to be free from 
preservatives. Then to the control and each of the others add 1 c.c. of a 
strong litmus solution ; cxanniie the colour of all the tubes, anct.if they are 
not the same shade of blue make them so by adding drop by drop a half 
nonnal solnti(»n of sodium oarlMMuite, heat in boiling water for 10 minutes, 
allow to cool, then inoculate each tube with *5 c.c. of a very dilute 
solution of sour milk in water. Place the tubes, plugged with cotton-wool, 
in an incubator at about 20” G. The control milk will become white in 
about 24 hours, whife those tube.s containing preservatives will remam blue 
or pink, the shade varying with the quantity present. 

§ 154. Borax — Boiic acid — Detection, — Evaporate down 6 or 10 c.c. of 
the milk previously made alkaline, thoroughly char the residue, boil the 
char with a little water, then jxcidify with IlCl and dip in either ordinary 
turmeric paper, or turmeric paper which has been dipped iu oxalic acid 
solution and dried ; dry the turmeric paper over a flame ; it will become 
pink changed to olive green or blue by alkalies, if boric acid be present. 
The test with oxalic acid turmeric papers is a modification of a test projKJsed 
by CasBttl and (lerraiis,** and will be found far more delicate than the 
ordinary turmeric method. Or to the ash a little glycerin may be added, 
the mixture stirred with a glass rod, and a portion on the loop of a platinum 
wire introduced into the Hausen flame, and examined by the spectroscope, 
wlion the bands peculiar t-o boraoic acid will be seen, and may bo compared 
with the spectrum of pure boracic acid. Or the ash may be decomposed by 
pure sulphuric acid, a little alcohol added; on heating and setting the 
vapour alight a transitory green flame is observed. 

QnantitafivH Estimation of Bone Acid^ (Moissan’s method). — Tlie borate 

* Dc-imrUnmlal Committee on Food PreMvootioes^ etc., 1901, Appendix xxxi. 

* Meredith Wy liter Blyth, Anali/st, vol. xxvi., 148. 

* British F(M)d JourtuU, October 1902. 

^11. Moissan, Comjdes^ndus, 1893, cxvi., 1087. 
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is put into a small flask and heated by means of a calcium chloride bath 
with 1 c.c. of nitric acid. The mixture is distilled to dryness. (The 
distillate is best received in stnnij,' ammonia solution.) The flask is crooled ; 
10 c.e. of methyl alcohol added, 1 c.c. of water, and 1 c.c. of nitric acid, 
and the mixture again distilled to dryness; this operation is repeated three 
or four times until the complete distillation of the methyl liorate is 
rendered certain hy testing a drop of the distillate. Tlie distillate is 
poured on to from 8 to 10 grins, of calcium oxide (made by igniting calcium 
nitrate) evaporated to dryness on the water bath, and then the cmciblo 
ignited in a muffle or before the blowpipe, so as to convert it into calcium 
oxide and calcium borate; the gain in weight is Tlie residue should 

in all cases be tested for calcium carlionate ; this may easily be present 
from insufficienjb ignition. 

Ilehner prefers to distil directly into a measured volume of standard 
sodium phosjihate solution, which is then evaporated and ignited. The 
increase in weight is due, to boric acid. 

A better method^ j)robably is that which is based upon the volatility of 
ammonium-boron-fluoride. The borate (Rcischle) is mixed w'ith six times 
its bulk of sublimed ammonium fluoride in a platinum crucible and warmed 
f(jr some time so as to volatilise the greatest part of the ammonium-boron- 
fluoridc. After cooling, sulphuric acid is added, and the excess of sulphuric 
acid with the remnant of fluoride got rid of b}’ heat. In this way an ash 
is obtained containing sulphates, but free from boric acid. To a milk ash 
it would be advisable to add some caustic lime before adding the ammonium 
fluoride. 

Parmeiatier ^ divides a solution of boric acid in cither hydrochloric or 
sulphuric acid in two equal parts, and estimates the acidity in the one by 
using hclianthiii as an indicator, in the other by litmus, with soda, since 
boric acid is insensible to helianthin; the difteronco between the two 
titrations he considers equals the contents of boric acid. ^ 

K. T. Thomson^ has also proposed a method of titrating boric acid, 
utilising the facjt that an aqueous solution of boric acid is neutral to 
methyl-orange and slightly acid to phenolplithulein, and this will bo found 
the best method to use in oi*dinary cases. We have made a largo number 
of determinations by this method, and find that with care the estimation 
is very accurate. Make 100 c.c. of the milk distinctly alkaline with 
caustic soda, and evaporate to dryness in a platinum dish. Char the 
residue, heat with 20 c.c. of water and add hydrochloric acid drop by 
drop until only carbon is left undissolvod. Transfer the liquid, which 
should not measure more than 60 c.c. to an 100 c.c. flask. Add about -6 
gramme of dry calcium chloride. Add a few drops of phenolphthalein 
solution, then run in a 10 per cent, solution of caustic soda until a 
permanent pink colour is obtained, then add 25 c.c. of saturated lime 
water. Make up the total bulk to lOU c.c. ; shake well, filter through a 
dry filter into a 50 c.c. flask. Treat this 50 c.e. as follows : — Add normal 
HgSO^ until the pink colour disappears, then a few drops of methyl-orauge, 
then the acid until the yellow colour just changes to pink. Add very 

carefully NaOH until the yellow just returns. Boil, cool, add as much 

glycerin as will give about 30 per cent, of this substance. Titrate with 

1 ZcU.f. anal Ch^m., 1894, 378. 

* Ctmptes Jle7ulu^, cxiii., 41. 

• Jmm, Soc, Cheni. Inci,f lii., 432. Anixh/st, July, 1893, 
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-- NaOH until a permanent pink colour is obtained. Each 1 c.c, NaOH 
0 0 

«= *0124 boric acid, or *007 

55 155. Fonnabhhjifhi in Milk. — ‘Formalin,’ a 40 per cent, solution of 
forinaldoh^'de, is userl at the present time as an antiseptic ; 15,000 gallons 
of formalin are stated to have been sold to milk vendors in 1804. The 
amount added is about 5 ozs. of formalin to a gallon of milk, equalling in 
a litre to about 21 mgrms. of formaldehyde ; (jxtended experience has 
shown that it preserves milk for several days with but little change. 
R. T. ’rhornson found that a sample of milk, to which 35 grains of formalin 
per gallon had been Jidded, contained at tlie cud of eight days 0*07 jut 
cent, lactic acid, and at the end of eleven days 0*10 per cent, of lactic 
acid, the same milk untreated yielded 0*GS and 0*71 per cent, lactic acid 
rcs[)ectively. 

Formalin must be looked for in the sanqile directly it arrives, as it 
disappears ra])idly from milk (s(M‘ also Colon rinuMaHn, p. 241). The 
best test fi'r formalin is Hedmer’s : -Take 10 c.c. of milk in a test tube, 
add one drop of f(‘rric chloride solution, and dilute the milk to about 
30 c.c. ; pour concentrated sulphuric a(;id dmvn the side of the tube, so 
as to form a layer at the bottom of the milk. A violet-blue ring will be 
formed at the junction of the liipiids, if formic ald(diyde is ])resont. The 
following conlirmatory tests may bo applied to a distillate from the 
slightly acidified milk : — 

To the fluid sup])oscd to contain formaldehyde is added 0*5 c.c. 
dimethyl-aniline, acidified; with a few drops of sul])huric acsid, and after 
shaking heated on the wati3r-bath for half an hour. The solutirn is tlmn 
iilkulised and boiled until the smell of dimethybanilinc has disapi)eared. 
The Ikpiid is filtered through a small filter, and the filter washed a few 
times with water ; it is then opened, spread on the bottom of a porc(!lain 
dish, moistened with acetic; acid, and finely-powdered peroxide of load 
added ; a blue colour will appear if formaldehyde is present. 

For both the detection and quantitative estimation of formaldehyde 
the reaction with aniline can be utilised. The solution of formaldehyde 
is dropped slowly into aniline solution (0*3 per cent, strength) and a pro- 
cipibvte forms of anhydro-formaldehyde-aniliiic, CgH,j!NCH 2 » according to 
the reaction 

CANn2+CH20 = C^llf.N0H2+n20. 

After forty-eight hours, the precipitate is filtered off, dried at 40“ C., and 
weighed. Although the precipitate forms in solutions of so feeble strength 
as 1 : 20,000, and the comjKjund is 3*5 times heavier than the original 
forraakhdiyde, it is doubtful whether the minimal quantities of formal- 
dehyde added to milk can be sfitisfactorily estimated by this or any other 
process w’hich entails actual weighing. 

Riclimond and Rosoley have proposed to test the milk distillate by 
diphenylamine. A solution of diphenylamine in water is made by the 
aid of a little sulphuric acid. The distillate is added to this solution and 
boiled ; in the presence of formaldehyde a white floccukiit precipitate is 
deposited, often coloured green if the acid contjiinod nitrates. ' Schift’’s 
reagent is useful for testing for formalin ; it is a solution of magenta 
bleached by sulphurous acid ; excess of sulphurous acid must be avoided. 
In presence of an aldehyde SchifTs reagent produces a pink colour. If, 
therefore, to a distillate m^e acid with one or two drons of hydrochloric 
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acid, SchiiTs reagent produces a pink colour, it is a sign that a volatile 
aldeliydo is present. 

Mr. Bovan ^ has shown that (piite small quantities of formalin increase 
the total solids of milk. In eases where only a few drops of foiinaliti 
have been added, tiie increiiso will not amount to more than 0*2 per cent., 
hut larj'o quantities would appear to increase the weight considerably; 
thus Mr. Bevan evaporated 5 c.c. of a mixture of equal parts of milk’ 
sugar, and albumen, and obtained a residue of 7-59 total solids per cent! 
On evaporating d(nvn the wime quantity with the addition of 1 c.c. of 
formalin, the total solids rose to 9*29 per cent., a diflerence of 1*7. Part 
of the increase may be due to a polymer, and part to conversion of milk- 
sugar into galactose. 

Forrnaldehj^do is, without a doubt, poisonous, and the question lias 
to be discussed as to whether it is permissible to preserve articles of daily 
food, such as milkf by its addition, ^’he Departmental Committee on 
Food Preservatives, etc., 1901, recommend that the addition of formalin to 
milk shall bo absolutely prohibited. 

Trillat and Berlio//*^ have shown that 0*8 grm. injected in a single dose 
subcutaneously into guinea-pigs jiroduces rajiid death ; poisonous' cU'eiJts, 
but not fatal, are produced by (piantities of from 0*53 to 0*6G grm., while 
0*038 grm. pro<lucos no apparent symptoms. It is evidently excreted by 
the kidneys, for the urine of animals thus treated does not putrefy like 
other urine. 

If it alTects man in anything like the same proportion as guinea-pigs, 
a man weighing 68 kilos. (150 lbs.) would re(|uirc to take in a single dose 
about 17 gnus, in order to produce any appreciable effect, and probiibly 
even moi*e than this, for organic poisons generally act less encrgctiwilly 
when swallowed than when introduced directly into the circulation or 
benc alli the skin. Jt follows then that from 20 to 30 mgrms. per litre 
of fotmaldehyde are not likely to be poisonous ; but whether an antiseptic, 
of tliis kind tsiken daily, even in small doses, will render the milk less 
easily assimilable or nutritious is not known. Many interesting experi- 
ments on formic aldehyde in food will be found in the Appendu: to Ihport 
of /JeparimoTital Committm (yti Food Presm'vativesy etc.^ 1901. 

§ 156. EbUmation of Formic Aldehyde . — Commercial milks contain, 
when preserved with formic aldehyde, from *0002 pcjr cent, to *006 percent. ; 
•001 per cent, is considered as the maximum in the Government Laboratory, 
but as milks are e.^ainined there late, by the time the Government chemists 
analyse the milk much of the aldehyde must have disappeared. 

The estimation must be made as rapidly as possible, owing to the 
destruotir.a of the aldehyde by micro-organisms. The following process ® 
may be used : — 

A bulb of about fifty cubic centimetres caj)acity is blown on a piece of 
soft glass tubing of about J-iiich bore; oiie end of the glass tube is drawn 
out close to the bulb into a capillary tube and turned at right angles to 
the bulb ; the tube at tlio other side of the bulb is also turned at right 
angles to the bulb (see fig. 34/.^). 

Ten cubic centimetres of the milk to be examined are introduced into 
the bulb and made slightly acid, if the milk is not already sour. The end 

^ AnaHyd^ July, 1895. ^ Comp, Hemi. t. cxiv., 1892. 

® “The Detection and EBtimation of Preseivatives in Milk,” by Meiedith Wynter 
Blytli, Analyst, xxvi., 508. Meredith Wynter Blyth and W. L. Alton, British 
Sanitarian, vol. i., 9. 
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of the capillary tube is now scaled up. The bulb “ 
in a mratfin batb, aud tli(! open tube comiueied witb a very short ru b 
conoection with a series of bulbs containiiw each five cubic centunotres of 
water. Tile bulbs are placed it. a bath containins cold nnimiii; water. 
The paraffin is then boated to 120" C., and tbc milk distilled •'•-''tly I-" 
dryness ; frolhino „p tbc tube wbeii it occurs can easily bo preventeJ by 
w.-vrmin}; Ibe tube with a burner. When the milk is nearly diy the 
capillary tube is broken at tbc end, and a slow and stciuly current 0 air 
aspirated tbi-oui!h the appamtus by moans of a water pump, the temperature 
of the paniffiii is allowed to rise until it reaches 200 C., and kept at tins 
temper'aure for at least 16 minutes. The bulbs .are then discoimecffid, 
and tbc second bulb tested for formic aldehyde; none will Isi found unless 
the orioinal solution contained a very largo amount ; should there be any 
presont it must bo estimated, iiml tlio third bulb tostod. , , i n 

The first bulb is wasliod out with distilled wiito" the whole bulk 



ho. m. 


should not bo more than twenty cubic centimetres, two drops of litmus are 
added, and a few drops of dcci normal sodium carbonate solution until 

neutral. . , . 

A weak stjiudard solution of formic aldehyde is now prepared. 

This is best olTected by standardising a fairly strong solution of formic 
aldehyde either by Romijn’s iodine method or his cyanide process ; ^ the 

latter is as follows : — j. -i • 

Ten cubic centimetres of a deciuormal solution of silver nitrate are 
mixed with ten cubic centimetres of a slightly under deciuormal solution 
of potassium cyanide, containing a few drops of 50 per cent, nitric acid, 
the solution is made up to 50 cubic centimetres and filtered through a dry 
filter, and the excess of silver nitrate estimated, in 25 cubic centimetres 
of the filtrate, by means of a solution of ammonium sulphocyanate. A 
measured quantity of formic aldehyde solution is now added to 10 cubic 
centimetres of the cyanide solution, and the process repeated in exactly 
^ ZcU.f, mmhftUdhe Ch-em , 1897, xxxvi., 18-24, . 
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tlie same way ; the diflTeroiico in the two rcadinjjjs gives the formic aldehyde 
present, formic aldehyde and cyanide uniting in molecular proportions. 

The advantages of this method are that the solution of silver can be 
easily stjindardised, that it (;aii be used in the presence of acetone and 
other organic compounds, which entirely vitiate the results of any 
oxidation process. It can also be used in the presence of acetaldehyde, 
if the titration is carried out at once. 

(Control tubes arcs made up with fresh or sterilised milk and the standard 
solution of aldehyde, so that the several tubes contain (1) *008 ])er cent., 
(2) *005 per cent., (3) *002 j)er cent., (4) *001 per cent., (5) *0008 per 
cent., (G) *0006 per cent., (7) *0003 per cent., of formic aldehyde. 

Various quantities of the neutral milk distillate are also injected in 
duplicate into portions of the sjime milk ; the best quantities to take are 
tw(» test tubes containing 5 c.c. of milk and 5 c.e. of the distillate ; two 
tubes containing 7»c.c. of milk and 3 c.c. of distillate and two tubes of 8 c.c. 
of milk and 2 c.c. distillat(3. All these tubes arc treated witli litmus exactly 
as described on page 234 ; control tubes 1 to 3 and one set of the other 
tubes are placed in the warm incubator at 38“ (I, the rest of the tubes are 
placed in the cool incubator at 22“ C. They are examined after 24 hours 
and from time to time. From a comparison of the colours tlie amount 
of i^reservatives may be judged. It is best to distil sufficient, in the first 
place, to make a scjcoiul experiment, if necessary ; care must bo taken not 
to shake the tubes aft(‘r they have once been put to incubate, as the action 
of the milk is to reduce by abstracting oxygon, so that if the tubes be shaken 
they will take up oxygen and become red. 

§ l5Ga. (Jlycmn in MUk . — A process of preserving milk by glycerin 
exists, and occasifjually it is found in milk. To detect glycerin the casein, 
fat, and albumen must be separated by dilution, acetic acid, carbon dioxide, 
and heat, as described at p. 227. The sugar is then estimated in one 
])ortion of the yellow* whey by copper solution ; the vt^maindor is first 
neutralised, aud then ovapomted to dryness, and freed from any trace of 
fat by exhaustion with pure ether. The glycerin is now dissolved out by 
a ijii.\ture of alcohol and other, the alcohol-other evaj)orated off, aud the 
glycerin identified by its pliysical characters and the production of acrolein 
fumes when hefited witli sulphuric acid.^ Use may also be made of the 
fact that glycerin sets free boracic acid from borax. A little borax, there- 
fore, may be moistened with the syrupy drops supposed to be glycerin, 
heated in a Bunsen flame, and examined before the spectroscope for the 
boracic acid bands.^ 

SaUnjlic acid is used occasionally as a preservative of milk, and it is 
easily detected by shaking up milk whey (first acidified by hydrochloric 
acid) with ether. The ethereal solution on evaporation leaves the acid in 
a pure enough state tt) permit the successful application of reagents. The 
best test for salicylic acid is the beautiful violet colour which it gives with 
a neutral solution of ferric chloride. Besides this test, a minute portion 
may be placed in the subliming cell, when a well-marked sublimato is 
obtained at about 100“ C. The crystalline form of this sublimate may be 

1 A test for glycerin has been proposed by E. Donath and J. Aliiy.shofer {Zcitschrift 
yiir ami. Chem.^ xx., 79). The supposed glycerin is lieated to 120'' w'iih two drops of 
phenol and the same quantity of concentrated sulphuric acid. The whole is then 
treated with a little water, and the insoluble jwrtion rendered .slightly aranioniacal. 
Under tliese circiimstonces glyeeriu a beautiful red colour. 

A. Seuierand A. J. G. Lowe: Chem, Soc, JoumfM^ clxxxix., Sept., 1878. 
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compared with one o]>tiiined from a knowm pure sample of salicylic acid. 
The meltinj^ point of pure s{ilicylic acid is 155" to 15G“ (1. 

li(‘n.yjnr ami is also occasionally userl, and it may be detected as 
follows : —200 c.c. or more of milk are alkalised with baryta water and 
evaporated down to one fourth ; the tliickoned resiflue is iievt mixed with 
calcic sulphate to a })asie and dried on tlio water-bath. The mass is finely 
powdered, moistened with dilute sulphuric acid, and extracted with cold 
50 per cent, alcohol. The alcoholic extract is neutralised with baryta 
water, and concentrated by eva])oration to a small volume. The litpiid is 
now acidulated with dilute sulphuric acid and extracted with ether. On 
separatiiijy; and evaporating the ether, any ben/oic acid is left sufticiiuitly 
pur<5 to respond tf» the usual tests. That with ferric chloride succeeds best 
if to an acj noons solution of the acid a litth^ sodic acetate is lirst added. 
For a quantitative (istimation of the acid, it is best tt> sublime the acid, and 
weigh the sublimate, checking this weight by ase/Crtaflning the loss the 
residue has experienced. 

1 57. Sodhiui Garhonaie will be detected by the effervescence of the ash 
when treated with a drop of HCl. 

LeonPade^ states that the soluble ash from 10 c.c. of genuine milk 
only r(j(|uircs one drop of d. n. acid for neutralisation, but if sodic bicarbonate 
is present more will be required. Part of the carbonate may have been 
converted into phosphate, therefore soluble phosphate must be estimated 
and calculated into NallCO^. 

§ 158. Sodium Fluoride^ Sodium Fluo^dicatCf Fluohonn Ar/idf aud 
Fluohoi'ateK . — The ash from 25 to 50 c.c. of milk is treated in a j)latinum 
dish, with strong sulphuric acid, the dish is warmed to about 9^^ (!., and 
in the vapour is suspended a cold watch glass coated with paraflin, from 
which the paraffin has been scrabdicd off in a few places. The vapour is 
allowed to act for an hour ; if a fluoride be present the glass will be etched 
in the parts unprotected by paraffin ; this etching, where traces of fluorine are 
present, will only be evident by breathing on the glass. 

Riclimond suggests placing a drop of w^ater on the piraffin away from 
the lines scratched on it, for the purpose of detecting fluosilicates ; if the 
latter be present, a white film of silica will be fomied on the surface of the 
drop. 

Fluo-borates give the reactions of both boric aciii and fluorides. 

§ 159. fi-naphthol . — Several comj,M)unds of /J-naphthol are now used 
as preservatives. Leflhiann and Dcarn - describe one known as ‘ Abrastol ’ or 
‘AsaproL* Professor Thorjie ^ has met with /:l-naphthol-sulphonato of soda 
whicli is said to be used on the continent. But these substances, so far as 
known, are not used in this country. Leffmann and Beam give the following 
test : — 200 grins, of the sample are acidified with sulphuric acid and steam 
distilled until 160 c.c. of distillate arc obtained. This liejuid is shaken 
witli 20 c.c. of chloroform, the latter withdwiwn, rendered alkaline with 
potassium hydroxide and heated almost to boiling for a few minutes. 
Colour clianges occur as follows : — 

Salol . . light red. 

Phvnol , , light rod— to brown— to colouileas. 

jS-naplitliol . deej) blue — ^to green — to brownish. 

1 Ann. (‘Mm. (inctl. appl., 1880, i., 33, 8. 

'■* Selr(^ McJlioda of Food Anahfsis, 1901, 84. 

Heport of Departmental Committee on Food Preservatives, etc., 1901. Appendix 
iii., 303. t 
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§ 160. (8.) Artifwial Colouring Matter in Milk , — The artilicial ct)l()uriiig 
of milk is a practice which has increased (moniiously during recent years, so 
much so indeed that it is now tlio exception to find the milk ns sold in the 
large towns of England uncolourcd. At the time of writing tliero is no 
r(‘gidation proliibiting the use of harmless colouring matters in milk, but 
the Departmenbil ("ommittee on Food Preservatives, etc., 1901, in their 
rej)ort recommend that the use of (colouring matters in milk oflered for sale 
in the United Kingdom shall constitute an oflcnce under the Sale of Food 
and Drugs Act. 

1'he colouring matters said to have been used at various times in milk 
include : coal-tar dyes, aiinatto, turmeric, saffron, carrot, marigold, caramel, 
and chromates, but the only substances iisefl to any extent in the United 
Kingdom are jinnatto and certain sulphonated-azo-dyes and mixtures of 
these substaiKios. • In America caramel is also used oeciasionally. The 
amount of colouring matter added is about 1 part to 200,000 parts of 
milk. 

The colouring matters at present used may bo detected as follows ; — 

(1.) The fi’osh milk gives a pink cnlour with hydrochloric acid: presence of a 
mfplinwilud-azo-c/j/c. 

Clojilirm by extracting as below, and apply the usual tests. 

(2.) A piece of iilter-papcr soaked for twenty-four hours in the milk made alkaline 
with sodium carbonate takes a brown stain which is changed to pink by hydrochloric 
acid : presence of amiaito. 

Confirm by extmeting as below, and applying the following tests:— (o) A drop of 
the colouring matter dissolved in water and made alkaline with potash gives an orange 
stiin oil fiiter-i)a])cr, cliangcd to pink by stannous ehloiide solution. 0) A little of the 
residue is ilissolvcd in water containing a little alcoliol and a dro]) of ammonia. A 
bundle of white cotton fibrosis introduced, and the liquid cvaiuuated nearly to dryness. 
The filire is then immersed in a solution of citric acid. It will bo coloured rose-red if 
aiiniitto is present, 

(3.) Coagulate 10 c.c. of tlie milk by means of ac^ic acid, collect the 

curd by straining through linen, then place it in a white porcelain disli, and just cover 
with strong llCl. Treat a (toiitrol saiiijile known to be free from caramel in the same 
manner. A blue violet colour indicates the presence of caramel. 

Other colouring matters may, however, be present, or the original 
presence of certain coal-tar dyes may be masked by the samjde being partly 
decomposed, since one of the authors has shown ^ that certain coal-tar 
dyes arc reduced very rapidly in decomposing milk under the iiiflueiico of 
nascent hydrogen set free by the action of anaerobic organisms. In the 
latter case it is fiossible to isolate their decomposition products. 

For the isolation of colouring matters and their decomposition products, 
the following method may be used Take at least 60 c.c. of the milk, care- 
fully add to it weak soda or strontia solution until it is just alkaline to 
delicate litmus paper. Evaporate the solution to a thin paste on the water 
bath 

(a.) Thoroughly extract the paste with other. This will remove the 
fat, and, if the milk was sour, the decomposition products of those dyea 
reduced by nascent hydrogen. Evaporate off the ether, and shako the 
fat with warm water. Separate the water from the fat, and evaporate the 
water to dryness in a white porcelain dish ; note the colour of the residue. 
(Pure milk yields no coloured residue.) To the coloured residue add 

' *‘The Detection of Artificial Colouring Matterstin and Sour Milk,” by 
M. Wynter Blyth. The Analyst, vol. xxvu., p. 146, 1902. 
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various reagents as in the following table, which gives the reactions of a 
few dyes : — 

Watku ExTiiArr from tuh Fat. 


NoLc the Ciitouf nwi fipply rarious Ji^ignits fhr J)r!f 


(!olonr 
uf liosidiic. 

Pro'ouhlo 

OrjKiii:il 

Colouring 

Aliiltcr. 

Ailil u Drop 
to Ferrii! 
Chioride. 

'J’o tlio 
Ferric 
Cliloridu 
udil Strong 
JI0SO4. 

Oilier IteactioiiB. 

Brown 

Acid 

yellow 

Dark 

green 

Yellow, 
green 011 
dilution 


Blown 

Bntler 

yellow 

Dark blue- 
green 

Yellow, 
green oil 
dilution 

To ;i slightly acid solution of the 
colouring matter add a lew dro^is of 
IlyJS solution, then J’einc ebloride, 
heat— magenta eoloiii. 

Brovu 

Aniline 

yellow 

Yellow 

Yellow 

Strong or llCl, gives a delicate 

violet. 

Yellow 

Murlius 

yellow 

Hod 

Yellow 

Strong IJCl gives a beautiful rose red 
colour. 

Yellow 

Victoiia 

yellow 

Red 

Yellow 

Same as Martins yellow. 

Rose red 

Methyl 

oruiigo 

Fngativo 

scarlet 

Yellow 

Treat as with butter yellow/tho solu- 
tion becomes a boantiful Idiio. 

Brown-rod 

Oniiigo 

IV. 

Gi’oeu 

Bcaj-lel, 
gieeu on 
(lilutioii 

Treat as butler yellow, the solution 
becomes dirty violet. 

Yellow 

Unreduced dyes, soluble iu ether 
from alkaline .solution 



(/;.) Extract the fat-free residue with l)oilmg alcohol, Klter andova[)orate 
to dryness in a white porcelain dish. A portion of the residue if yellow or 
orange may be taken up with a little d. u. acid, and shaken with ether ; 
this will divide the iiossiblc dyes into two groups, i.e.: (a) the natural 
colouring matters (annatto, turmeric, saflron, etc.), the acid coal-tar dyes, 
and the iioii-sulphonated-azo-dyes, which all colour the . ether to a certain 
extent. (jS) The basic dyes and the sulphonatod-azo-dyes, which do not 
colour the ether at all. The sulphonated-azo-dyes will be readily recognised 
by striking brilliant colours with acids, and the other dyes may be recog- 
nised by the ordinary methods. 

(9.) Defsetim of NitroUs in Milk . — Pure milk contains no nitrate, 
hence the detection of nitrates in milk w^ould be fair presumptive evidence 
of watering. A test recommended by J. Szilasi ^ is as follow’S : — 1 c.c. of 
a solution of diphenylainine sulphate is put into a small i)orcelain dish, 
and a few drops of milk are dropped in ; if nitrates are present, a blue 
colour will gradually appear. Soxhlet tests milk for nitrates as follows : — 
The milk is coagulated by a solution of calcic chloride free from nitrate, 
the serum is now treated w^th a solution of diphcnylamine in concentrated 
1 Itepert, anal, Ch&nUf xxxiii, p. 212. 
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sulplmric acid in tlie same way as with the ferrous sulphate test. The 
nitrate test will be found of great utility in those cases in which an impure 
strongly nitrated well-water lias been added to milk, but with ordinary 
waters containing *01 grin, and under of nitric anhydride per litre, the 
teat is not sufticiently delicate to be of much utility. 

§ 161. Sour Milk. — Government Ijahoraiory Meihoil . — The analysis of 
the milk is conducted by what is known as the ‘maceration’ process, and 
the weight of the nen-fatty solids and fat is independently ascertained in 
duplicate, whilst as a control the direct determination of tl»e total solids is 
made on a third portion of milk. Befoie proceeding with the analysis, the 
total contents of the bottle are transfcired to a suitable vessel and 
thorougldy mixed by means of a wire whisk. 

From ten to twelve grammes of the sample are weighed out into flat- 
bottomed platinum* cajisules, each of wdiich has been tared along with a 
short glass rod with flattened ends. The weighed portions are next 
neutralised with decinormal strontia solution, with phenolphthaleiu as 
indicator. Decinormal soda answera the pur])OHe ]>orfectly well when the 
degree of acidity is not greater than 10 c.c., n/10 solution for 10 grammes 
of milk, but above that amount it is of great advantage to use the strontia 
solution. 

The milk is then evaj)orated over the water bath until the residue 
attains the consistency of dry cheese, and while so w'arm as to ensure that 
the fat shall bo still in the melted condition, 20 c.c. of dehydrated ether 
(specific gravity *720) are poured over the milk solids, which are then carefully 
stirred for some time witli the glass rod. The ether containing the dissolved 
milk fat passed through a Schleicher’s filter of 10 cm. diameter, which has 
])revi(»nsly been dried and weighed in a weighing bottle. The maceration 
of the milk is continued with eight successive additions of 10 c.c. of ether, 
at \Vliich point it has l)oen found tliat the fat has been ^holly separated 
from the non-fatty solids. The filter-paper having its edges cut down is 
well washed with boiling ether, and the fractions of the filter-paper are 
rc])laced in the weighing bottle and dried at 100” C. The increase of weight, 
whicli with careful work should not exceed a few milligrammes, is added to 
the weight of the nou-falty solids. At the conclusion of the maceration 
[irocess, the non-fatty solids should be in a fine state of division, resembling 
the precipitated chalk of pharmacy. The capsules arc next dried overnight 
in the water oven and the fimt weighing is taken in the morning. Usually 
the weight is constant by this time, as shown by the weighings taken 
'during the day. As from the conditions of the analysis the anhydrous 
salts of ‘'odium or strontium are present in the dried solids, the correction 
for the added alkali is in the proportion of ’0022 gramme per 1 c.c. of n/10 
soda used and ’0042 gramme for eai^h c.c. of the strontia solution required. 

The other solution of the milk-fats contained in tared beakers is 
evaporated and the weight of the dried fat ascertained. 

In determining the nature and amount of the loss in non-fatty solids 
consequent on keeping, the alcohol present is by far the most important 
item. When the milk sample under analysis measures 170 c.c., that is 
nearly 6 ounces (and it should not be much less than this), 75 grammes of 
the milk can be spared for distillation, which is carried out in a glass still, 
with glass spiral condenser. 

The acidity of the milk having been previously ascertained, the portion 
for distillation is neutralised with soda up to^one-half of the total acid 
present. If nearly neutralised, ammonia may pass into the distillate and 
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so vitiate the result. The first distillate, which usually contaius a little 
acid, is re-distillcd with the addition of 0’5 c.c. n/10 NaliO, and, after 
having been made up to original bulk, the specific gravity at IS'S" C. (60“ E.) 
is taken in a 50 gramme or in a 1000 grain weighing bottle. Supposing 
that the distillate gave a specific gravity of 999‘07, or 0*33 less than 1000 
then this difference multiplied by 1*16 gives the amount of j)roof sj)irii by 
volume present in the milk. The product multiplied by *842 equals the 
actual weight of anhydrous milk sugar which has been coji verted into 
alcohol. 

'riie correction for free volatile acid, reckoned as acetic acid, is ascertained 
as follows : — 

10 grammes of the milk are neutralised to the extent of one-half the 
total acidity with n/10 NaHO, and a little phenol] )hthalciii added. The 
mixture is then evaporated to dryness on a water ,bath with frecpient 
stirring, and after treatment witli 20 c.c. of boiling distilled water so as to 
break uj) and thoroughly detach the milk solids from the capsule, a further 
addition of n/10 NaH() is made, until the neutral ]»oint is reaelied. The 
difference betw(;cn the original acidity of the milk and tluit of the 
cvai)onited ])ortion is regarded as acetic acid. The number of c.cs. of soda 
shown, when multiplied by *425, gives the percentage of loss by weight 
not recovered in the chjinge of milk sugar into alcolml and thence into 
accticj acid. 

Kxamjjle : — 

Acidity of milk, . . . 11 6 c.c. n/10 NaHO, 

„ eva[)oratod portion, 9*2 „ „ *- 


Dilferenco, . . 2'4 


2*4 X ’0255 — ‘061 per cent, by weigh [ lost, 

or 

2-4x-00GxlOx-425 = *O61 


The loss arising from the change in the casein is very small. 

To estimate it, two graiunies of the milk are made up to 100 c.c. with 
distilled water and filtered to a clear solution. 10 c.c. of the filtrate 
increased to 50 c.c. by the addition of distilled w'ator are Nesslerised 
against NTT, Cl solution, equivalent to *01 mgr. of Nlfg in each c.c. As the 
Nessler colour produced in presence of milk differs somewhat from that of 
pure saline ammonia, the blank experiment is carried out with the addition 
of 10 c.c, of the filtrate from two grammes of new milk slightly acidified, 
and diluted to the same extent as the sour milk. The quantity of test 
ammonia required varies between 0*6 c.c. and 4 c.c. 

In the case of a milk containing ammonia eqiial to 2*6 c.c. of the test 
solution, the loss of weight is calculated as follows ; — 


or 


•00001 mgm. x 2*6 x 600 x 5*2 
2*Gx *052 
”2 


== 067 per cent, casein 


-*067 


n 


It is evident that any other degree of dilution may be conveniently 
adopted according to circumstances, or the proportion of ammonia which 
might be indicated in the Aiilk. 
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According to the throe instances given, the loss of solids, or, in otlicr 
words, the addition to be made to the non-fatty solids, is as follows ; — 


Loss from filcohol, 

„ acetic aisid, . 

„ ammonia. 


*322 per cent. 
•001 „ 

•067 


Total 

' '45 per cent. 


'J’lii; G'Iikf Influkncks which Tend to Modii y the Compositi«)N of 
C ows’ Milk. 

162. Although for the purposes of the Sale of Food and Drugs Act the 
analyst will oidy bereijuired to detoriuinc if the ‘solids not fat’ fall below 
(S’D per cent , the milk-fat below 3*0 })er (-(‘nt., and that the milk is of normal 
(;omposition ; yet most chemists will be called upon from time to time to 
decide rjuestions with rcjgard to the watering and skimming of cows’ milk 
which have no connection with the Sale of J<V)od and Drugs Act. To these 
a few facts as to tin* causes of variations observed in the composition of 
cow’s’ milk will be useful 

As befon^ stated, a marked distinction must be draw n between the milk 
of individual cows and that from a mived herd of cows. 3’he milk of 
individual oow's often varies greatly from the normal. Uichmrmd records 
the following extreme variations in ‘solids’ and ‘fat,’ the highest fat being 
from llaiii^ister’s determination : — 

Fat. Sollils iKJt fat. 

per cent. pur cent. 

Maximum, , , , , 12*52 10*60 

Minimum, .... 1*04 4*90 

« 

The period of lactation, the breed of cow, and other circumstances 
naturally influence the composition of the milk of individual cows to a much 
greater extent than the milk from a mixed herd. The chief influences 
tending to modify the composition of cows’ milk are the following: — 

(1) The breed, (2) period of lactation, (3) season of year, (4) conditions 
as to milking (morning and evening milking, foremilk, strippings, etc.), 
(5) climate, (6) land, (7) feeding. 

(li /freed. — Table XVI IIf. wili give a good idea of the considerable 
variation in the quality of the milk from eows of diflerent breeds. 

llre'Hl is now recognised as the most important factor influencing the 
quality i»f milk. 

As a rule, the richer the quality, the less the quantity of milk. Thus 
Jersey cows give a small quantity of ricli milk, Shorthorns a large quantity 
of medium quality milk. 

In this country the non pedigree Shorthorn is the cow most usually 
kept for producing milk for ordinary consinrption, but many dairymen 
keep a few animals, such as Channel island cows, yielding a richer milk so 
as to enhance the quality of the mixed milk. 

According to Mr. Ceorgo Barham, in Scotland and the eastern counties 
— Ayrshires] in Norfolk an<l Suffolk — Kodpolcs; and in Ireland — Kerries 
are the cow*s commonly kept. 

Pure bred Dutch cows are not now found in England ; it is tnie 
tliat there is a herd in Cheshire, and a few in ^ther places, but the milk 
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is not Bold for ordinary consumption. In Essex there are also a number 
of cross bred cows do’ivod from J)utch and Shorthorns. 


TAliLK XVIII/.— Avkkaok Comi-obitio.n of Milk ok uifkkkknt IUikkus of CATrLH. 


UrcciJ. 


Total Solidn. 
Per coni. 

Mllk-fat. 
l’<*r edit. 

Solids 
not Fat. 
I’cr cent. 

Aiitlioi'ity. 

Jursoy, . 


14*89 

f»-66 

9*23 

Vioth. 

. 


14-84 

4-78 

9*56 

Jersey Stat-c Fxti. Sin. 



14-li5 

5-43 

9 *2*2 

Holl. 

31 • • • 


] 1 -Sd 

5-31 

9-33 

Lloyd. 

M • • ‘ 



5-01 

9*79 

Ameriean Kx|>. Slufion. 

Oucnj.si'.y, 


11-48 

5-02 

9-16 

Jersey State Exp, Stn. i 



14-ifi 

5-16 

9*80 

iSill. 

33 • • 


18-89 

4*77 

9-1*2 

Lloyd. 



11 -()0 

5*12 

9-48 

Ainorican ]<7xp. Station. 

Wiilsh, . 


11-1.5 

4-91 

9-21 

Vietli. i 



18 -.5.5 

4-40 

9-15 

Jlell. 

iSu.ss('.x, . 


14 18 

4*87 

9-81 

VietJi. 

Kerry, . 


18-70 

4*72 

8-98 

Bell. 



18 -(iS 

4*70 

8 -98 

Hod 


18*22 

4*34 

8-88 

Vieth. 

Ayi'sliiir, 


12*63 

18*46 

3*68 

4*24 

9-00 

9*22 

Llovd. 

Bel)'. 


13*28 

4*18 

9*15 

Lloyd. 

,, 4 . . 


rj-70 i 

3*68 

9-02 

Jm<y Stale Kxp. Sin, 

. 


13*06 

3*fi7 

9-49 

Ameriean Kx^), Station. 

)f 9} >> i 

Dovcm, . 


18*77 

4*15 

9-62 

N. Dovoii, 

Sliorlhorij, , 


18*11 

3*48 

9-68 

Bi'll. 1 


12*90 

4*03 

8-87 

Viotli. 1 

n • • 


12*15 

3*65 

8-80 

Jersey State Exp. Stii. 

,, 


12*93 

3*91 

9*02 

Lloyd. 

l*(«]igreo Sliortlua'ii, 


12*78 

3*93 

8*85 

Bell. 


12*86 

4*08 

8-83 

Vieth. 

DuUsli, . 


12*40 

3*75 

8*65 

mi 



11*91 

3**>3 

8*68 

IdeiHelnnann. 

American iruldoi'in'.'^.s, 


12*63 

3 *.55 

9*08 

American Ex]). Sin. 

Jlol.stoin, 


12*12 

3*51 

8-61 

Jei-sey Stati! Ex]). Sin. 

,, Frisian, . 

Montgdinory, 


12-89 

3*46 

8*93 

Ainciicau Exp. Station. 


12-61 

3*59 

9*02 

Vietli. 

(lorinan, 


12-25 

3*40 

8*85 

Fleischnianii. 


§ 163. Period of Laelatimi . — The period of lactation, mainly atlcetiug 
the milk of individual cows, has also to be taken into .account in the con- 
sideration of the mixed milk of a herd. The greater number of cows calve 
in the spring and early summer, and to this fact the seasonal variations in 
the (piality of milk are due. 

The cow after calving lirst yields ‘colostrum ’ (see page 214) ; it is not 
usual to sell any milk yielded on the first four days after calving. The 
milk for the remainder of the first week is usually rich in fat, the quality 
then drops rapidly to a minimum during the second week, the quality then 
improves until about the week before drying up, when it rapidly drops both 
in quantity and quality. 

According to Kiilmc the casein and mineral matter increase with the 
fat, while the milk sugar diminishes. Richmond observes that the majority 
of abnormal milks are obtained from cows which are getting dry. 

Seasonal Variations . — The period of calving and the difference of food at 
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different seasons of the year account for seasonal variations in the quality 
of the milk. Kiclimond summarises these differences as follows : — 

(1) November, December, dannary, milk riidi in fat and ‘ solids not fat.’ 

(2) February, March, and April, fat less in quantity, but ‘ solids not 
fat’ about the same as during the three previous months. 

(3) May, June, July, and August, the fat is low, witli a tendency to 
rise at the end of the period. In July and August ‘solids not fat ’"are 
below the average. 

(4) September and October, an improvement both in fat and in solids 
not fat is noticeable. 

Conditions as to Milking. —In Holland, where cows are milked three 
times a day at regular intervals, the quality of the three milkings is about 
the same, but where cows are milked at irregular intervals the (pmlity of 
the milk gonerallj^ (yffers. In this country, cows are milked twice a day, 
and there is a difference betweem the morning and the evening milk ; the 
evening milk containing, as a rule, from *2 to ‘4 per cent, more fat thaii 
the morning milk. Tlie ‘solids not fat’ do not appear to be atte(;ted. A 
number of tables proving this will be found in tlie lirpoH of the Depart- 
mental Committee on Milk and Cream Itcgulations^ 1901. 

The difference of foremilk and strippings has already been noticed (sec p. 
200). A fair sample of milk is only obtained if the cow is milked dry. 'fhe 
composition of milk may bo modified by the cow ‘holding up its milk,’ owing to 
a strange milker, novel surroundings, or nervousness from some cause or other. 

Climate. — An extjessively dry summer is liable to cause milk to bo poor 
in ‘solids not fat.’ The average of nearly 100 determinations made at the 
Wisc(!nsin*Creamery during a j>rotract(Ml drought in 1895 gave but a trifle 
over S'o per cent, of ‘solids not fat.’^ Although the effect of drought on 
the amount of fat is not yet decided, the tendency would seem to raise 
th(' p(Tcenb]ge, 

An excessively wet season tends to render milk of poor (piMit}^ : e.\cessive 
heat or cold also affects the quality of the milk. 

Land, — (lows kept on certain land would appear to yield a poor milk. 
This evidently is due to the (juality of the food raised on the land. 

1G4. FpA^diwf . — The (’ffect of feeding is a matter on which there is 
much doubt and discussion. The evidence points strongly to the view that 
decreasing or increasing the food of a healthy cow^ ./'or a limited, time has no 
effect on the quality or quantity of the milk, the first effect of poor feeding 
being rather to decrease tlic weight of the animal than to alter the milk. 

On tlie other hand, high or low feeding carried on for a hmjth of time 
affects ll'.e milk. Lawes and (Jilbert have shown that high nitrogenous 
feeding increases both the yield and richness of the milk. 

The milk of half-starved cows is, as might be expected, of poor quality. 
J. Camphell Brown‘d and J. Carter Bell - give some interesting analyses of 
the milk from half-stiirved cows, Bell’s average for half-starved cows being 
11 ’42 per cent, total solids, fat 2*87 per cent., and solids not fat 8*55 per cent. 

§ 165. The coloTiring and the alkaloidal and active principles of plants 
impart their distinctive properties somewhat readily to milk. Thus it has 
long been noticed that .browsing on certain plants aff ects the colour of 
milk : Caltha palustrisy saffron, and rhubarb colour it yellow ; rhubarb, 
opuntia, and lluhia tindorhim., red; Mgosotis palustris, polygonum, and 
A 7 iehusa eqvisetmn, blue. Purgative vegetables, such as rliubarb, or even 

* Leffmann and Beam, Select Methods of Analysis, 1901, 198. 

Chemical Iiew8,*jxxi., 226. * Analyst, 1881, 53. 
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the juices of acid fruits, taken by a suckling woman almost invariably affect 
th(5 infant. There arc instances of milk becoming poisonous from contain- 
ing the active princiides of plants. In June 1875 an epidemic of diarrheea 
occurred in tlie lliiono Gorge, and was tracijd to goats’ milk, the goats 
having browsed in fields wiiere the meadow saffron was growing. Professor 
Ualti isolated colchicine from the milk. Similar outbreaks, caused by the 
animals having fed on poisonous shrubs, have been recorded in tlie Western 
States of America and Australia. 

JGG. Experiments have been made witli tlie object of ascertaining 
whetlier metallic comiMMuids would be excreted by milk. Arsenic passes 
readily enough in minute quantities, and the same may 1x5 said of lead and 
oxide of zinc. Antimony also, if administered, apjx'ars in the milk. The 
statements wdth regard to mercury are conflicting, but the balance of evi- 
dence leads, on the wdiole, to the conclusion that it is yot excreted, even in 
minute (piantities, by tlie mammary glands. Bismuth, when administered, 
was detected in milk by Marchand, Lewald, < bevallier, and Henry. Lewald 
gave 15 gi-ms. of jiotassium iodide to a cow, and its presence for four days 
afterwards was detected in tlie milk ; 21 grins, were then given, and the 
(irng could he detected so long as seventy-two hours afterwards. On 
administering it again, it was found in the milk fur eleven days. 

THE QUANTITY OF MILK GIVEN BY THE COW, 

THE METHOD OF FEEDING, etc. 

^ ] G7. The capacity for milk of the udder of the cow is usually estimated 
at about 3 litres ['GG of a gallon, or a little more tiian 5 pints |. The (piaiitity 
of milk secreted is about throe times this amount, but varying in individual 
cows, and depending on circumstances, such as the breed, the health, the 
Kiz(5 of the cow, the time after parturition, and the naturt5 and quantity of 
the food given. 

1G8. 'rhe breeds in England most approved of arc the Alderney, 
Ayrsbirc, Holderiiess, Kerry, and Suffolk. In G(5riiiany, the Swiss, 
Allgiiuer, and Dutch cows ajiipcar to be tlie favourites. Some careful 
estimates of the amount yielded by different breeds of Continental cows 
have been published as follows : — 


TABLE XVIILa— Avekagk Yield ok Milk.^ 





Averajfc 


Litres i»er 

Gallons per 

yield ill 


year. 

year. 

gallons 
per day. 

Aiisliaolirr 

1284 

283-07 

•77 

Mitrztliali'i-, 

1500 

330-70 

•90 

Voigtlaiider, 

1600 

352-75 

•95 

Siiiimentliftler, .... 

1690 

372 -.59 

1-01 

Saxony, 

2023 

446-01 

1-22 

AValzdialer, 

2272 

500-90 

1-36 

1‘iiizgjuier, 

2338 

515-45 

1-40 

Swi.ss, 

2625 

578-70 

1-60 

Allgjiuer-MonDilanor, 

2697 

.591-60 

1-62 

Allgiiuer, 

2710 

597-47 

1-62 

Olderibiirger, 

27.51 

606 -.51 

1-65 

Dutch, 

2906 

640-68 

1-74 


1 AhL Agric. Cheniic, 1877, 236. 
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These breeds, then, arc not superior to oiir own. Tlic favourite cow of 
tlie London dairyiueii appears to be tlio Yorkshire cow, essentially a short' 
horn. The avera<?c yearly yield is from 600 to 700 jrjils., In of tlicse cows 
giving about 10,000 gals, of milk yearly, or 1‘7 gal. per d;iy; individual 
cows, of course, occasionally exc.ecd this. A cow lias been known to give 
daily for some time as much as 5 gals, of milk. 

The time elapsing before and after calving causes, as niiglit be expected, 
considerable variation in the mammary secretion, the (pianlity augmenting 
during the first two or three weeks, and diminisliing towanls tlie end of 
the third or fourth month. Towards the seventh month the (juantity sinks 
to one-half, and in the ninth and tenth months it is often reduced to tlu’oe- 
(piarters of the (juantity secreted at first. On the approach of calving, tlie 
milk ceases alUigether. 

The age of the animal lias some influence, very young cows secreting 
less tliau mature ad*ilt cows. It is also found that, ptivihus^ the 

larger the cow the greater tlie yield of milk. Mr, (3ckle of Frankenfeld 
took four Duteh milking cows, tw'o weighed 2112 lbs., and two others only 
15, *17 lbs.; he fed them on the same food, and submitted them to similar 
conditions for sixteen days The results of this ex])criment are embodied 
in the following table ' : — 


No. 


Two lieavy cows, 
Two liglit „ 


Two lieavy cows, 
Two light, . 


VVciKht dt com- 
nii'iiceiiicnt of 
experiiueui. 
lbs 

2112 
. 1537 


Weight at 

Green Lucerne 

Prodiiee 

etui. 

coiisuiiied. 

uf milk. 

11)8. 

IbH. 

lbs. 

2102 

4921 

68 

1537 

3859 

48 


riwlucc in milk 
per 100 11)8. 
Ureen Kucorne. 
giilis. pints. 0 / 8 . 
. 1 3 16 

. 1 11 16 


iitu'crno cunsiimed 
ptr 100 11)8. 
live weight. 

14 '6 lbs. 
16-0 lbs. 


ij 1G9, The ftM'diiig of milking-eows varies somewhat according to local 
eircunistancos. In town dairies brewers’ grains are much in use, and one 
to two bushels are given daily, besides mangolds, hay, find meal to each 
Cow. A very common course of liome-feediiig is as follows^: — At 4 a.m. 
the cow receives two or three pecks of grass, immediately after being 
milked, then 4 to 6 lbs. of hay ; at 9 a,m., from 20 to 25 lbs. of chopped 
mangolds, and another 3 to 4 lbs of hay; at 1 p.m. there is a second 
milking ; another similar feed foilo\As. and she is given plenty of water. If 
oil cake is used, 3 to 4 lbs. a day are given either with the mangolds or in 
a gruel with the grain. In this country the chief dependence is placed on 
hay, mangolds, barley meal, and bean or Indian flour; in the summer 
abundance of green food is given, such as clover, vetches, cabbage, etc. 


The Milk Secreted by the Unhealthy. 

§ 170. The result of the analyses and cases shortly to be quoted shows, 
— (1) That in the case of the cow, in certain diseases only, the milk con- 
stantly deviates from thQ normal standard ; (2) that the most marked 
changes are found in local diseases of the udder m' wammartf glavds] 
(3) that the animal may be labouring under a most mortal and virulent 

1 “ On Milk,” by Dr. A. Voelcker, Joum, R AgrimU. Soc,, xxiv., 1863. 

* T. Carrington : Joum. Ji. Agrimlt, Soc., xxxix.^1878, ]>. 670. 
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malady, and yet Becreto milk which, although differing from the same milk 
secreted by the same animal when in health, yet, considered in itself, in 
no way clmnically differs from healthy milk ; (4) that it is only by 
biological methods of exjwriment that such diseased milk can be detected. 
These remarks apply only to tlie composition of the milk ; but if we also 
regard the (junntity secreted, tlien there is in all cases a remarkable 
dilfcrencc, for whenever an animal suffers from a sutHcicnt amount of 
disease to affect its licalth materially, the diminution in the total (piantity 
of milk is almost invariable. 


I. Human Milk. 


§ 171. With regard to the milk secreted by women in various maladies, 
the same remarks a])ply only to a certain extent ; for the human mammary 
secretion is so dependent on mental influences, that itji composition appears 
readily affected. Vogel gives the following analysis of milk dcrivcid from 
a woman siilfering from hysteria, tl\o sample being taken direi tly after the 


attack ; — 

J*er cent. 

Milk-fat, *514 

Casein, fi’iiOO 

Sugar, 3*492 

Ash, rolo 

Water 89*984 

Specific gravity 1 *032 


Devoux ^ found the milk of a w*oman who suffered from nervous attacks, 
wlieii taken in the seizure, to be a f ransparont viscid secretion Hie alhumen. 
J. F. Simon ^ examined tlie milk of a woman who was suffering from the 
eflects of passion. The secretion was a])parently the cause of violent con- 
vulsions and diarrhoea in an infant. Tlie milk was acid, and had ac(|uired 
a peculiar odour, and after a little time developed hydrogen sulphide; or, 
in other words, the milk had commenced to undergo lactic acid and 
putrefactive changes in the breast itself, Ix)cal affections of the breast, as 
might bo anticipated, interfere with the healthy action of the milk-producing 
cells. For example, Schlossbcrger gives the following as the composition 
of a sample of milk taken from a woman whoso breast was considerably 
enlarged ; the fluid was white and thick, and without odour, specific 


gravity, *98 to *99 at 15” C. : — 

Per cent. 

Fatty matter, 8*54 

LacLiiie and extractives, ...... *75 

Casein, 8*74 

Ash, *41 

The fat fused at 33" and solidified at 20“. 


II. Cows’ Milk, 

§ 172. AjjMous Fevei\ — One of the few affections in which it is possible 
for the investigator to discover an abnormal condition of the milk, and oven 
from the appearance of the fluid to know what particular malady the cow is 
suffering from, is foot-arul-mouth disease^ or aphthous fever. This is a febrile, 
highly infectious disease, which has caused at certain times great ravages 

^ CrdVs Chemische Annalen,, vol. I, p. 369. 

® J. F. Simou{p “Animal Chemistry Syd. Soc., 11, 68. 
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among our herds; its most obvious j^igns are ulcers on the mouth, feet, 
and teats. Unless the fever is high, th<; milk is secreted during the whole 
course? of the discMSo. It presents different (one might almost say, op^wsite) 
appearances in diflcrent cases; in those wliere there are ulcers on tlie teat, 
either externally or just inside, the pus from these ulcers mixes with the 
milk, and the analyst finds a high fatty residue, from which chol(?stcrin, 
nuclein, lecithin, and milk-fat may he Be[)arated. If, on the contrary, 
there are no ulcers and no local affection of the udder, the milk in the 
mon? severe cases may be deficient in solids, and especially in milk-fat; 
nor does it recover its normal composition until about the sevontli and 
eighth days, when the cow begins to improve. 

A siiocial micro-organism is, according to Klein,^ alw^ays to be found 
associated with ujibtlious fever; it is a microc(K?cus, whicli cither occurs 
singly, as dumb bells or as streptococci ; tlic chains of the streptococcus 
sometimes grow' to » considerahlc length. The individual elements of the 
dijilococci and streptococci are spherical, and have an average measurement 
of *0000 to *0008 mm. The micro organism is readily cultivated in nutrient 
gelatin, agar-agar, or broth; it grows slowly in sterilised milk, the milk 
remaining fluid. Milk, according to Klein, presi?rves the micro-organism 
in a wonderful manner; infected milk kept months in tubes still yielded 
successful cultures. If the local affection is at all severe, blood-cells, and 
occasionally a considerable quantity of blood, may he found in such milk. 

The following Table (XlXrt.) (over) gives the composition of milk obtained 
from cows suffering from various diseases. 

(1.) — This disease, as its name implies, signifies an acute 

inflammation of the mamma?. I'hcorctioally, milk secreted by an inflamed 
i)rgan shmild he altered mucli in quality; but, in the case of a heifer 
suffering from this disease, milk taken the second day after calving did 
not appear to dilfer essentially, eitlier in microscopical {ij)pcaranees or in 
cheinical composition, from normal milk. 

(2.) Pnrfnrirnt Apoplesnj. — Urea was absent ; there wVs much lacto- 
chrome. No abnormal elements detectt*d by a microscopical examination. 

(3.) Pneumonia . — This is the only milk in which the writer found an 
estimable quantity of cholesterin. The microscopical results w-ere negative. 

(4.) Tuherele. — The whole qujmtity of the fluid did not exceed 70 c.c. 
It was of a dirty amber colour, with the casein partially separating. 

This is jihthisioal milk in its most intense form, and one never likely to 
be found in commerce, but admixture of such a fluid with genuine milk is 
possible. See pp. 254-257. 

It is essentirtlly an album inous serum, containing urea, common salt, 
and just sufficient casein and milk-sugar to show its origin from a much- 
diseased milk gland. 

(6.) Retention of FaitcH Membrane. — The milk was pink in colour, and 
contained about a twentieth of its hulk in blood; it was perfectly fresh 
when examined, but rapidly putrefied. The blood was separated by 
subsidence as much as possible. The reaction was feebly acid. 

(6.) Typhus.-— milk of cows suffeiing from typhus has been 
analysed by Hn8.son,2 who states that from tlie commencement of the 
malady, the azotised principles augment, and that there are often found 
bloody and purulent fluids admixed, 'J'he analysis given is an avemge 

1 Fifteenth Annual. Ettp. IjOO. Qov. Ed.., supplfiment containing re])OTt of Mod. Officer 
for 1886. 

3 C(m 2 rte 8 7imr7«s t. Ixxiii., 1871, p. 1339. ^ 
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sample of milk from cows sulFeriuj' from a not too severe form of 
typhus. 

g 173. Tim Propagation of Disease through Milh \ — Modern researches 
on zymotic diseases liave for long hecii converging to the one conclusion, 
tiiat these diseases are all produced by germs; and that, consoipiently, 
such diseases are only special forms of fermentation or putrefaction in 
living tissues, tlic disease-zymads growing and multiplying at the expense 
of the tissues. 

Now, if the composition of milk and of the tissues be compared, it will 
be seen that milk, although physically a fluid, yet resembles in its 
chemistry a tissue, and contains all that is necessary for the nourishment 
and growth of a zymad. Hence it is, that if a scarlet-fever zymad, or a 
typhoid zymad, fall into milk, for all practical purjwses it is immersed in a 
tissue ; and cultivation experiments have shown that milk is an excellent 
modiuiw or soil for flie multiplication at suitable temperatures of ixatho- 
genic micro-organisms. 

Tim lieJalvm of Milk to Scarlatina — In December, 1885, an outbreak 
of scarlatina, traced by the senior author to a particular milk supply, was 
very fully investigated by the Loc. Gov. Board, ^ and it was proved as clearly 
as such a matter is capable of proof, that the milk was not infected by any 
human agency, but that the cows were at the time sufleriug from a general 
feverish disorder, the chief external evidence of which was vesicles on the 
teats and udder rapidly passing into ulcers. The disease is readily pro- 
pagated by inoculation among calves, and the pathological signs are in 
many respo(;ts strikingly similar to those of human scarlatina. 

AccoixMng to Dr. Klein’s researches the malady is intimately connected 
with the multiplication and growth of a micro-organism, wliioh probably 
gains access to the milk with the discharges from the diseased teats. The 
nu( roorganism consists of spherical micrococci, arranged as diplococci, and 
us .^ho^ter and longer, straight, wavy, or curved chains-^stnjptococcus — 
tlie latter sometimes of great Icngtii (see Plate, fig. 1). When inoculated 
into gelatin the growth is slow (see Plate, lig. 2), at the end of a fortnight 
the streak of inoculation showing up as a white line, made up of smaller 
and larger droplets. It does not liquefy the gelatin : it is very similar in 
appearance and manner of growth to the streptococcus of foot-and-mouth 
disease, but Dr. Klein thinks the two may be readily distinguished by their 
action on milk, the foot-and-mouth micro-organism causing no apparent 
change in sterilised milk ; the scarlatinal streptococcus, on the other hand, 
turning it after two days’ incubation into a solid mass A similar organism 
has been isolated by Dr. Klein from the blood of persons suftering from 
human scarlatina. 

Drs. Jamieson and Edington® have also investigated scarlatina by 
biological methods. Dr. Islington has (cultivated the blood drawn from 
the finger at diflTerent dates, and dso the epithelial scales thrown off from 
the skin, taking all posoible precautions to avoid aerial contamination. By 
cultivating a drop of the blciod in Koch’s jelly, diffusing a minute quantity 
of this culture through a large body of distilled, sterilised water, and then 
cultivating drops of this water, tiic various organisms in the blood were 
isolated ; and from the isolated colonics, pure cultures made ; lastly, their 
effect on animals was ascertained by inoculation. 


^ Fiftemth Annual Me^yrt Loc. Oao. Board containing R(q»ort of Med, Officer for 
1885. 

Brit. Med, Journal^ June 11, 1887. 
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The organism, which was invariably found in the blood of patients 
during the first three days of the fever, and in the desquamation after the 
twenty-first day, is described under the name of the Bacillus scarlatirm 
(see Plate, fig. 3). It is in the form of motile rods measuring *4 fi in 
thickness, and 1*2 to 1‘4 fi in length, generally forming very long 
jointed and curved leptothrix filaments ; it liquefies the jelly (see Plate, 
fig, 4). Infected into broth and incubated its growth is very rapid, and 
a coherent, parchment-like film, which is not easily broken, is formed on 
the surface ; later the film becomes deeply wrinkled. 

A calf inoculated with a culture, and also given some in milk to drink, 
developed fever in six hours, and died within twenty-four. The patho- 
logical appearances were those found in the human subject in rapid cases 
of scarlatina with early death. A second calf was inoculated with a pure 
culture, and developed fever within tw'elvo hours, and there was a vivid 
rash followed by desquamation ; the tliroat was severely affected. In six 
days the temperature was normal. When guinea-pigs and rabbits were 
submitted to inoculation from cultures, very similar results wore obttiiiied. 

Other organisms isolated from milk, giving either negative or insignificant 
results, were Sardna lutea^ three forms of micrococci, and three of bacilli, 
to which provisional names have been assigned. 

The essential difference between Edington’s and Klein’s researches is, 
that Edington has concentrated his attention on human scarlatina — Klein 
on a disease of the cow. Both agree that scarlatina is communicable from 
the cow to man, and they agree also that milk is an excellent medium for the 
growth of Scarlatinal contagium; but Klein identifies the cause of the 
disease as a microooccus, Edington as a bacillus. * 

With regard to the cultivating powers of milk, Edington remarks : “ If 
desquamation be placed in milk kept at a gentle heat for twenty-four hours, 
the bacilli can be recognised by their motility and the pellicle which they 
soon form. Thus it is evident that, if milk be taken as food containing 
infective desquamation, the spores will have a perfect nidus and suitable 
temperature afforded them for development.” 

More recently^ Dr. Mervyn Gordon has investigated the intimate 
pathology of scarlatina. He has shewn that a fatal result in this disease 
is to be attributed to invasion of the blood and organs by streptococcus. 
He further has come to the interesting conclusion that the infectious 
malady scarlatina is to be referred to Streptococcus scarlatincBf whereas the 
dangerous phases of the disease frequently result from supplementary 
invasion of the blood and tissues of the patient by Streptococcus pyogenes. 

The ReHatiou of Milk to Phthisis and Tuhereviarjialadies, — Villenin * 
was one of the first to attempt to ascertain, by direct, experiment, whether 
tubercle was transmissible or not. He inbo^ated the rabbit, the sheep, 
the dog, and the oat with human tuberculous matter, always in very smeul 
quantities, with more or less success. The experiments of Villenin were 
repeated, with infinite variation, by most of the leading pathologuts of' 
Europe ; but their deductions were quite different bom those of Wlenin, 
for, on putting various substances (other than tubeichlouk matter) in the 
su^utaneouS tissue of guinea-pigs, they produced a febrile disorder, aud 
found alter death products which, they declared, were not to be dis- 
tinguished from tubercla Hence, tuberculosis was considered for a long 

^ mud Jnnml Seports of Loed ChmnmmU Somrdf oontainiDg Beports of 
Medioal Offloer f(w ISM-mO/iud 1900-1901. 

. ^/*OaiiwetKatiaedoUTQbemuloBe.” 
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time as due to a mechanical irritation, chiefly set up in the delicate cell 
lining the lymphatic channels. While animals alone were the subject o 
the French, German, and English experimenters, a doctor in Greece- 
Zallonis of Syra — actually inoculated the human subject — a man affected 
with gangrene of the foot — with tuberculous sputa. In tliirty-eight days 
the man died with immistakable tuberculous signs, which an autopsy 
confirmed. The opinion ^ that the introduction into the tissues of a great 
variety of foreign matters will cause this malady is not now held, 
there having been of late years some most valuable experiments on the 
subject, more especially those by Bollinger, Cohnhoim,® and Koch. 

The most striking of Cohnheim’s experiments were those in which he 
introduced tuberculous matter into the anterior chamber of the eyes of 
kittens ; the animals generally became infected after a well-marked period 
of incubation of frqpi fourteen to twenty-one days. Cohnheim, associated 
with Solomons, has also proved the possibility of aerial infection, having 
produced the disease in animals by causing them to inhale tuberculous 
dust. The pathological changes thus produced they compared side by 
side with those produced by mere irritants, whether breathed or introduced 
into the system by other channels ; and they declare, as the result of such 
comparison, that the products of the latter are entirely different, and not 
to be confounded with tubercle. Direct experiments with the milk from 
tubercular cows have been made by Gcrlach, Klebs, Bollinger, Sidney 
Martin, and Sims Woodhead and others. Gerlach fed two calves, two pigs, 
one sheep, and two rabbits for three weeks with the unboiled milk of a 
phthisical cow ; the whole of the animals became affected with tubercular 
disease. •Klebs made a similar successful experiment with nine guinea-pigs. 
The accidental infection of a large St. Bernard dog, which, having come 
across the milk designed for one of the experiments, drank it, and became 
tuberculous, is perhaps more striking than a formaj experiment. The 
experiments of Bollinger were on pigs, as follows : — Tw^o young pigs were 
fed with the unboiled milk of a cow which in life exhibited symptoms of 
lung disea^ and which a posHnortem examination showed to have suffered 
from phthisis. This experiment was negative. The pigs enjoyed good 
health, and on being killed proved to have all their organs in a sound 
condition, with the single exception of some slight infiltration of the glands 
of the neck in the case of one. In a second experiment, the milk of a 
highly tuberculous cow was given for ten weeks to four healthy young 
pigs three weeks old. During this time a general enlargement of the 
lymphatic glands of the neck was observed ; at the end of four and five 
months the animals were killed, when tubercular infiltration of the lungs, 
liver, spleen, etc., was fully established. Another experiment was made 
on a young pig, f^ with the same ^ilk for fourteen days. On killing the 
anim^ three weeks afterwards, there was found cheesy inflammation of 
the large intestine, an exquisite miliary infiltration of the lungs, and a 
slight cheesy de^it in the bronchial glands. The milk in all the above 
experiments had been given unboiled. In another experiment, however, 
in which six pigs were taken, four were fed with the milk of the same cow 
{two with the unboiled milk, two with the boiled milk), and two were fed 
on ordinary diet to control the experiment. After a few months the last 

^ ^^TheTtansmiaiibflily of Taberoalosu,** by 0. Fleming, Med. Chir, lUvUw, Oct, 
1874. 

* ** Die Tabercnldemi voxn Standpunkte der Infeolionslehre,*’ von J. Oohnheha. ^ 
lieipzig, 1880. ^ ‘ 




l^eamy } tl»e two fed cm ttnl)oUed n^k ki^ly tubereolouBi one 
iihe pigs fed on the boikd milk, on being killed,- was ibond perfeeil^ 
Itiiealthy ; the other, killed a little later, was tuberoulous.^ 
f On the other side, there are numerous failures, and many obserTers 
have failed to propagate the disease. £. Perronoito, of Turin, records the 
' ease of a whole family (oonsisting of a man, his wife, and two children) 
drinking for eight days the 'milk of a oow most decidedly tuberculous, as 
{Hoved by an autopsy ; and yet they remained well. Negative results 
^ mre, however, of little value, unless extremely numerous. If the disease 
can be proj^ted by milk, it does not necessarily follow that every 
animal experimented upon will become infected ; for there are numbers of 
facts proving that some human beings and some animals h&ve a great 
feeing power, and do not, with any readiness, take such diseases. It 
has hitherto bemi almost universally taught that hovgie tuberctdosis has 
nothing essentially different in its course or pathology from human tuber- 
ouloffis. This view has, however, been contested, Dr. Charles Creighton, 
in a very able paper, ^ giving a series of oases (ei^t in number) in which 
he contends that there was nlore analogy to ^^Perlsucht^ bovine tuber- 
oulosiB,’’ than to human, and moreover, that this form is a distinct form, 
quite as distinct as glanders— -the salient points in ^e cases cited being, 
^^1.) the ocourrenee of tumour-like embolic infarcts in the lun^ the 
implication of the bronchial, or of the mesenterio and poiw lyniiphatic 
^glfmds; (3.) the obaracters of the eruption in the serous membnines, and 
Its relative frequency ; (4.) the microscopic appearances ; .dements 

of obscurity in the cases viewed as oases of ordinary or autochthonous 
tuberculosis. ^ ^ 

The ^q>eriments of Dr. Sidney Martin, carried out^'^the 
Commission on Tuberculosis, 1900, all tended to show that the loweij^ 
aniiqah were very susoeptible to bovine tuberculosis, and to a less 
to human tuberomosia. His- experiments were Ckriried out upon, 
guinea-pm rabbits, pigs, and calves, the tul^ulmrs nulk aid o&er 
matter either being mixed with the food of the animal or else administered 
.by subcutaneous or intra-peritoneal injection. The re^t of his experi- 
mfiOttR was not absolutely oonclusive, as he himself says, "It is evimt 
.that in the ease of tuberoulpus sputum we are dealing with material which 
is leas infective to calves than bovine tuberculous material." BtiH further 
doubt has been thrown on the identity of bovine and human tuberoulosia 
ly Dr. Robert Koch, the discoverer of the tubercle baoillus,^ who in his 
nddrms to the British Congrees on TuberculosiB, 1901, stated that he h»d 
come to the oonohision (1) Thai human tuhmuJoBM digm fnm hotwie, and 
mmat Ce franemiffed to catUe] (2) that.^the susoept^Sily of man to 
pboviiM tobenidosis is not absolutely deeido^ -but if stub sutoCptibilily 
'seaBy. existed the infection of but a v^.inlke; 

^j^urrenee. ' . x - 

Dr.. KbebV mduaionA were chi«^ baaed upon .th^.MlCsisIbjg 
{!.) .Catiile free bwm tubercle ware infected in. vamot^iv^ 

)0ultum cl tqbenle ImoP ta^ bpm osaw of ktmim 
of tubenib w obweid in the. cattle 
;gix to eight ^ ^ 
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Fio. A. — A plioto/jru]»h * of a niaMs fouii<l in tin' milk of Cow with tiiborciilous 
disoaso of tlip ud<l«’i‘, x 7r»0 dianiotors. The mass in ecnnpused of amorphous matter, a 
few de^reneratiiig cells with nuclei still intact, atid very numerous tuhwdo bacilli, most 
of which show<'<l llie cliaract'’ristic beading very well Beaded tiibore.le bacilli are fre- 
quently met with in tuberculous milk side by side with the unbeade<l ro«ls seen in ttiber- 
cuious lesioj^s. 



Fin. B.— A photograph^ of a section of a lymjdiatic gland showing very early tuber- 
culosis, X 36 diameters. The gland was the light sujirainammary gland of a Cow, 
and showed no naked-eye tubercle. At one j>art of the figure to the left the gland stiiic- 
ture apitears condenaea, and at this spot tubercle liacilli were found. Tne figure is 
inUmded to demonstrate that tuberculosis of a lymjdi gland may be present when unde- 
tectable by the naked eye. ^ 

’ From Ikport^qf Hoyol Commission Tnltfreulosls, 1895. 


Charles Griffin <0 Go . , Ltd. 



Bhi(/i s FoimJs. 


Tujjkiicle IUgim.1 in Milk, and Tuberuuj.osjis de 1jY.mi'H (Jland 



Pi,i. I',— of tulwivnlai horn u iJow,' skii^htiTefl at Canidt-n Ti'wu, 

thf udfi«M- of wliifli is iio\' at tin- museum of tlie Royal Vetcriimry College. Tins section 
was unde throiigli a i.art of the u.hier in which the tuhercular pimess was well advanced. 
The nuclei still stain distinctly, hut between them there is a honiogerieous-lookiiig mass m 
whi(di tubercle bacilli an- scattered in coiisi<lerable numbers. Some of the nuclei in this 
specimen are evidently disintegrating and undergoing degenerative and atrophic changes, 
whilst at one or two |wjints the iMicilli apfK-ai to k? actually within the degenerating cells, 
(x 700.) 

* From lirporf of liityal Comm Mon on Tithmuhsh. 1895. 


('ftnrlrji Qriffin it- <’o., Lfd, 




r (3^)' Tte ie&it mi the »▼««» irtion eoltiai<^^ 

from iuberculoei$ wefe used.' '' ; 

(3.) Similar resultB were obtained, showing a paarited ditforpooe 
human and bovine tuberoidoBis, when experimente wew made on 
asses, sheep, and goats. 

(4.) That infected food is the cause of tubeioulosis can only be aasud^^ 
when jHimaiy tuberculosis of the intestine is found. Koch maintaw^ 
that primary tuberculosis of the intestine is extremely rare in spite of 
enormous amount of tuberoulom milk, meat, and butter that is consum^...^ 
Koch’s oouolusions have been hotly contested many pathologhAf^ 
whose opinion must be regarded as of equal value to bis own, and 
whole question is at pi^nt under investigation in England by a Royai"^ 
Commission appointed in August, 1901. ^ 

Detection of the Bacillw of Bovine Tvhereulone in —This n most, 
satisfactorily done4jy injecting the suspected milk into susceptible amm^. - 
Only in very few cases can it be found by microscopical examination. For 
as Klein points out, not only may the tubercle bscillus be missed when it. 
is present, but also it may bo thought to be present when absent, for milk 
often contains bacilli which simulate with rega^ to staining power me* 
true tubercle bacillus. If, however, a microscopical examination is maoe^ 
the best method is to whirl 10 c.c. of the milk in a sterile^ tube, the oreani: 
and upper portion of the milk is removed, leaving a deposit at the bottom ' 
of the tube. Thin cover slip preparations are made from this deposw^ 
these are dried, flamed, placed in absolute alcohol for a few minut^ 
fat removed by washing in ether, the ether removed by alc^ol, and; 
finally they are stained by the Ziehl-Neelsen method.* The rtides 
then carefully examined. According to Takes,® the following may w 
observed : (1) Tubercle bacilli may be present. (2) No tubercle baoillv 
but (a) a fairly large number of some other bacterium, or (o) a groaj 
excess of leucocytes, often amounting to pus, or (c) a codsideralw amoimt 
- of vegetable matter and debris, (3) Nothing but a f^ leucooyt^ 
"'he same author has examined many milks containing a large numw 
if streptoooooi in the depositi aud he is inclined to think that str^itoowow 
nteritfa in children may be caused by such milk. The 
age number of leucocytes may di^se the presence of tubercle bacun, 
jid must be looked upon with suspicion. ^ 

§ 174, CAotera, Typhoid, and any wate^bome disease may be contra^, 
hitmgh drinking ynllk which has become oontammated with the 
irganisms of these ^hseasos. The attempt to isolate the specific ba^ 
nay he made.in ,the same numher as if dealing with a oontammated 

-JWKjjjfar 

noOhli has been fimpd In mitt, thoro.'lb no dosdit'tbat 
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must bo examined. The bacilli should be stained by Gramms method, and 
counterstained with eosin. Curtis * calls attention to the fact that 
epidemics of a<iutc follicular tonsillitis sometimes occur, apparently de- 
pendent on the presence of large numbci’s of strepto- and staphylo-cocci 
in the milk. 

§176. Diarrhcoa — Bacillm enteritidis sporofjenes (Klein) has been 
isolated from milk, butter, and cheese. 

Klein originally isolated this sj)« ire-forming anaerobe from the evacua- 
tions of patients Buttering from a severe epidemic of diarrhoea which broke 
out in St. Batholomcw’s Hospital in 1805. It may be isolated from milk, 
as described in the chapter on Water (post). 

§ 177. Aphthous Fever. — The phj^sical and chemical characters of 
aphthous milk have already been described. In certain stages of the 
disease, the milk acts upon young calves like a virulent poison, the calf 
dying from apncea with great suddenness. After doatli few marked 
changes are noticed, save intense pulmonaiy congestion, and a somewhat 
injected patchy tongue. The milk has been given to jiigs with a fatal 
result, and even cats have suffered indisposition from it; nor is tiierc 
wanting the strongest evidence to show that it may convey the aphtlious 
disease to man. This transmission to man has been observed for some 
time, for in the middle of the eighteenth century Michai'l Sagar'** described 
the aphthous epidemic, which prevailed in Moravia, 1763-64, and related 
how the milk propagated the disease t<» animals and men. In 1834 tlirec 
German veterinarians® (Ilertzwig, Mann, and Villain) made on themselves 
some very conclusive experiments, each taking a pint of the wann milk 
drawn from an infected cow for four consecutive mornings. On J^he third 
day M. Hortwig had feverish symptoms; by the si.vth, the mucous 
membrane of the mouth was swollen ; by the seventh, there was a well- 
marked eruption on the edge of the tongue, the lips, and the internal 
surface of the cheeks ; by the tenth, the vesicles continually increasing in 
size, had burst ; and by the twenty-fourth day the ulcers had dried, and 
there was some desquamation. MM. Mann and Villain wore also affected 
in the same way, but to a less degree. This experiment is supported by 
a number of instances of partial epidemics in the human kind, which 
could be satisfactorily traced to aphthous milk. It would appear certain 
that such milk after boiling is harmless. For example, Boulay records 
that foot-and-mouth disease, when imported into the Commune of Morchier 
by a pig-dealer, extended in a few days to over a hundred head of cattle, 
but spared the calves, vrhich were M on boiled milk and water, and not 
allowed to suck their mothers. 

§ 178. A Form of Fefrrile Disease Associated ieith Milk. — The milk 
from a dairy near Aberdeen appears to have Iieen the propagating 
agent of a peculiar and entirely new malady. This remarkable outbreak 
has been investigated and described with great ability by Dr. Ewart.^ 
Twenty persons were attacked, and there were three deaths. The 
symptoms consisted essentially of fever, with one or more relapses, and 
swelling of the cervical glands, frequently ending in suppuration. The 
connection of the epidemic with the milk-supply was estiiblished by the 

^ EmtitiaU of Practwdt. Bacteriology ^ by H. J. Curtis, 1900, 2t>7. 

® Idbellus de Aphthis PecoriSf Vienna, 1765. 

• “ Nouveau Dictionnaire de Mfidicino V^teriuaire.” 

* On a New Form of Febrile Disease associated with tlio Presence of an Organism 
distributed with Milk from the Oldmill Reformatory Scliool, Aberdeen, by J. Cossar 
Ewar^ M.D., Proe. Boy. Soc,, 1681, xxxii., 492. 
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fact of the illness being confined to those who drank the milk, as well a 
bj the microscopical appearances of the milk, and some wcll-devisei 
experiments on animals. The microscopic appearances of the mill 
showed : — 

1. Ninneroiis micrococci, some free, othei*s in groups or chains. 

2. Numerous spores and cells of the yeast-plant. 

3. Spores similar to B. anthrans. 

Some pus from the neck of one of the patients was found to contaii 
bacilli and spores apparently identical with those found in the milk, an< 
such pus caused fatal illness when injected into small animals subcutane 
ously. These elements were submitted to cultivation, and a variety o 
experiments on rats were instituted witii the suspected milk, side by sid< 
with control-experiments with healthy milk, the main result being to provi 
satisfactorily a direct connection between the bacilli and the disease; th< 
evidence pointed t# a contaminatioji of the water supplying the dairy, anc 
the author concludes that the organism producing this new fever wat 
morphologically not unlike the anthrax organism in its mode of develop 
ment and life-history ; and, further, that it was introduced into the milt 
after it had left the udder. 

§ 1780- Ivlein has recently isolated a pethogcjiiic blasto-mycete from 
milk. ^ detailed description of this organism will be found in the 30tl] 
Amiual Keport of the Local Government Hoard, containing the Medical 
Ofticers Kcj)ort for 1900--1901. 

The Decomposition op Milk. 

§ 179. The decomposition of milk is due to the action of numeroiui 
bacteria. These bacteria arc, however, not secreted with the milk, providing 
.the animal is perfectly healthy, but are derived from the air, from con- 
tamination of the teats and ducts of the teats, the h^iids of the milker, 
the pails, etc. Milk, when freshly drawn under cleanly conditions, 
contains but few bacteria ; it is, however, such an excellent medium for 
their growth that they increase with extreme rapidity, and after a few 
hours may amount to several millions per cubic centimetre. 

Ordinary commercial milk as delivered to the consumers in London 
contains, according to the authors’ estimations, rarely less than 2,000,000 
bacteria per c.c., capable of growing on nutrient gelatine. 

In order to isolate an} particular organism, it is necessary to dilute 
the milk with a large volume of sterile \vater, so that the bacterial colonics 
may grow well separated. A convenient dilution will bo found to bo 
] part of milk to 10,000 parts of water. Plates, etc., may be set as in 
dealing with water (see pod). 

Besides the disease-producing bat ria which have already been noticed, 
and which are but rarely present in milk, there are bacteria which (1) act 
upon the milk-sugar, and the proteids, and are the true organisms of 
decomposition ; and (2) certain bacteria of great importance to the dairy- 
man, as by their growth in milk they may cause ‘Milk Faults,’ which 
render the milk unfit for use. 

1. (a.) Lcidic Fefmentation. — Nearly all milk, if allowed to stand in 
a warm place, becomes sour, owing to the formation of lactic acid by the 
alteration of the milk sugar under the influence of bacteria. 

7’he eerobic liaoteria which bring about this change in milk are very 
numerous, and include not only bacilli, but ^reptococci, micrococci, etc. 
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About SS’ C. is the optimiun temperature for the growth of the majority 
of the lactic formeuts, and they cease to grow at about 9** C. ; they are 
readily killed by heat, since they are, as a rule, non-spore forming. The 
sugar is never wholly converted into lactic acid, because the acid formed 
checks and finally stops the growth of the bacteria ; if, however, the milk 
18 kept neutral by the addition of chalk, nearly all the sugar may bo 
converted into lactic acid. 

When the lactic acid reaches *207 per cent, according to Thorner,^ the 
milk coagulates on warming. Rideal^ estimatcB the quantity necessary 
to bring a^ut coagulation as somewhat higher than this. 

The milk sugar is not simply converted into lactic acid, according to 
tide equation 

for there is always a certain amount of COg produceS, and in ordinary 
milk very often alcohol and butyric acid. 1'he alcohol produced nnist bo 
regarded as a bye-product of lactic and other fermentations, and may 
finally become converted into acetic acid. 

This alcnholic farmentation under ordinary conditions takes place tO' 
only a slight extent, but by introducing the right organism (this 
organism would appear to be the yeast found in Kephir grains) nearly 
the whole of the sugar may bo converted into alcohol. 

(h.) Butyric Fermentation. — Sometimes milk develops an alkaline 
reaction, becomes bitter, and the coagulum at first fornied is redissolved 
with the formation of butyric acid. I’his change is brought about by the 
butyric bacillus and other allied organisms. Botli the ciisein •and milk 
sugar undergo decomposition, and it is at present impossible to give any 
formula ap})roxiraately representing the change. Analysts wlio retjcivc 
milk in this state will be unable to form any accurate idea of the original 
composition of the milk. 

(c.) Froteid Femients.— Many bacteria, both rerobic and anaerobic, de- 
compose the proteids of milk. Their action is very complicated and little 
understood. Some of them wf)uld appear to act in a similar manner to 
pepsin and tiypsin, producing peptone, leucine, tyrosine, and butyric acid. 

0. Kalischer® has named those mrobic sporing organisms which are 
not destroyed at 90“-95^ C. ‘peptonising bacteria/ and according to him 
they form ammonia, and cause a diminution of lactose, at the same time 
converting the casein into peptone, leucine, trypsin, and hydroxy acids. 

II. Milk Faults. — Red MUk. — lliis may be caused by the growth of 
Bacillus lactui erythrogenes or Sarcina rosea. Micrococcus rosac&us and 
Mia\mccus prodigiosus are also said to have caused trouble in milk. 
These organisms are all slow growing. 

Blue Milk. — This is caused by Bacillus cymwgenus. Patches of a blue 
colour appear upon the surface of the infect^ milk after from about 
twenty-four to seventy-two hours. The blue colour is only produced in 
the presence of lactic acid; in alkaline milk a slate colour is produced. 
The organism ocem'S in many shapes: — (1) cocci-like bodies; (2) short rods, 
sometimes collected into zooglma masses ; (3) somewhat larger rods having 
a spore in the middle or at the end ; (4) other irregular patches. The 
. organism is mobile, except in the zoogloea patches. 

1 .2^., 1891, p. 1108, 

* Departmental Committee on Food Preservatives^ rfc., 190b App. xxiv, 

» Arch. Hygiem, 1900, 87, 80-58. 





Tellm MWc is said to be caused by the BacUlwt tymcanihuB, Violet 
MUk by the Baeillui violaceuSy Bitter Milk by a number of different 
bacteria, such as Weigmann^s bitter milk bacillus and Conn’s bitter milk 
micrococcus. 

Slimy or Ropy Milk is milk which becomes thick and slimy; such 
milk is not uncommon. It is caused by a very large variety of micro- 
organisms. It may be produced artificially by immersing the stem of 
the butterwort {Phujuicula vulgaris) in the milk, and in I'lorway is used 
as an article of diet.^ 

For all these faults, cleanliness and disinfection will be found efficient 
remedies. • . 

The Preservation op Milk. 

§ 180. The preservation of milk is a problem of great practical 
importance. 

The commercial methods may be divided into three, t.e., the application 
of (1) Cold, (2) Heat, (3) Preservatives. 

To these may be added methods wliich are of value to the fooil analyst, 
but which render the milk unfit for use as a food. 

(1) Cold. — The majority of bacteria cease to be active at about 4 C., 

so that milk will keep for a very long time at low temperatures. In the 
milk trade great and increasing use is made of this method of preservation. 
It is to be noted that if portions of the milk are actually frozen, unlo8S*care 
be exercised in rcmelting and mixing, the ice portion will have much the 
same composition as watered milk. This method does not destroy disease 
germs, if present. ^ s 

(2) Heat. — (a) If milk be pasteurised, i.e., heated to about < 0 C. for 
20 minutes, the majority of the non-sporing bacteria will be killed, and 
the milk will keep for a considerably longer timn than un-pastcurised 
milk. This method usually destroys all disease germs, with the 
exception of spores, (h) If milk be heated to 120" C. for 2 boure, 
or to ISO” C. for 30 minutes, all or nearly all bacterial life will be 
killed. This heating to a high temperature has many disadvantages, as 
the albumen is altered, calcium citrate is deposited, there is a certain amount 
of caramelisation of the lactose and an aggregation of the fat globules. 
Heating milk to any temperature over 70“ C., according to Duclaux, imparts 

to it a permanent cooked tasLe o n i. oa • j. 

Ic) Intermittent pasteurisjition, i.e., heating to 70 C. for 20 minutes, 
on several successive days, and incubating at 37“ C. in the intervals, will 

eventually sterilise milk. . 

To these methods may be added evaporation processes either with or 
without the addition of sugar, as ir\ the preparation of condensed milks and 

lUs^hitSesting to note that many of the so-callod sterilised milks on the 
market contain bacterial life, especially in the form of anaerobic spor^s.^ 

(3) Preservatives.— numerous substances which are added to milk 
in order to preserve it for a short time have already been described (page 
234) It should be. widely known that the small quantities of preservative 
used in commercial milks do not kill the specific organisms of typhoid, 
cholera, and other pathogenic organisms, as we have ascertained by 
numerous experiments. Such preserved milks, far from being safer than 

1 Aikmau, Milk: Us Nature and CmposUicmy 1895, p. 88. 

2 A. Weber, Arh, avs dwa. Kaiser, QesmdheUawtrUe, 1900. 
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ordinary milks, are in onr opinion far more dangerous, since they often 
come from those dairies which rely more on preservatives than they do on 
thorough eJeanJiness. 

(4) Methods of Use to the A^iahjst.—lt is oft(?ii of groat importaiico to 
preserve milk for a long time in a lit state for analysis. 

Many methods liave been proposed, none of them being altogether 
satisfactory. Cold or heat may be used, but the first is not, as a rule, 
available to the ordinary analyst. Heat has the disadvantage of altering 
the composition of the sample to a slight degree, and causes the cream to 
clot at the surface. Of the ordinary preservatives, ‘ Formalin ’ is the best 
to use for preserving milk for a short time. Bevan ^ has shown that the 
total solids are increased by the addition of formalin. If, however, 3 
drops of 40 per cent, formic aldehyde solution are added to an 8-oz. bottle 
of milk, the correction for iotj\l solids will only bo in the second place of 
decinuxls. * 

Richmond advocates the addition of J c.c of ordinary hydi’oflnoric 
acid to 100 c.c. of milk. This curdles the milk, and the bottle must be 
well shaken before taking a sam])lc. The ash is slightly increased by the 
acid attacking the glass. This is a very good method when samples are to 
bo kept for a long time. The addition of alcohol, chloroform, and solid 
preservatives we have not found satisfactory. 

Skim-milk. — Sbi*.\ratist) Milk, 

§ 181. Skim-milk is milk skimmed by hand; separated milk is milk 
which has been ‘ whirled ’ in a centrifugal apparatus ; by this latter pro- 
cess a far more perfect separation of the milk-fat is effected. By the old 
methexi of setting in open pans from ’8 to 1*0 per ooiit. of milk-fat remained ; 
by the modern centrifugal method, only from *1 to ’6 per (jcnt. of milk-fat 
is left. The composition of separated-milk compared with the milk in its 
original state is well seen in the following analyses by W. Fleischmaun : — 


Fat, « • , 

Fresh MUk. 

. 3*61 

Cream. 

67*63 

Separated-Milk. 

■46 

Casein, . 

. 2*73 

1*17 

2*88 

Albumen, 

. -68 

■*26 

•49 

Sugar, . 

Ash, 

. 4*09 

2*26 

6*34 

•71 

•12 

•72 

Water, . 

. 87*55 

28*58 

90*11 

Total solids, . 

. 12*46 

71*42 

9*89 

* Solids not fat,’ 

. 8*81 

3*79 

9*43 


Thus, by the operation the proportion of ‘solids not fat* has been 
somewhat raised, and this is conshuitly observed, and, of course, the specific 
gravity is also raised, gravities as high as 1*037 and above being met with. 


CoNDENSBi) Milk. 

§ 182. Condensed milk is prepared by concentrating whole or separated 
milk. The product may or may not contain added sugar. As a rule, the 
sugar added is cane sugar, but invert sugar may be pr^ent.® There are 

^ Analyst^ xr., 152. 

^ Dairy Clmnisiry^ 1899, p, 144. 

* Hclect Methods o£Analysiii, by LcfTmaiiii and Beam, p. 225. 
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also in the market several forms of condensed milk mixed with othei 
matters, specially prepared for the feeding of infants. 

Amlysin of Coiidensed Milks . — In the analysis of condi^nsed milks it if 
not advisable to treat the condensed milk direct with solvents, oven if th( 
milk is presented as a dry powder, for the sufficient reason that it is fount 
difficult to ensure equal admixture of aliquot parts of the product. It ii 
better to mix as thoroughly as possible the whole contents of the samph 
submitted, to weigh out from 10 to 50 grins., dilute with water to i 
definite bulk and to take aliquot portions of this. A convenient strengtl 
is 10 grins, of the sample in 100 c.c. of water. 

§ 183. Total Solids . — 10 c.c. of a 10 per cent, solution are nm into c 
weighed platinum dish and dried first over the water bath and then in ai: 
air bath at 110“ C. until loss of weight practically ceases. Any difficult} 
experienced in dryit«g may bo dealt witli by the use of a little asbestof 
ill the jilatinum disk 

§ 184. Ash . — The residue from the total solids is burned in a muffle 
and weighed. 

g 185. Esliniatim of the, MilkrFat. — Accurate estimation of milk-fat ir 
sweetened condensed milk is not easy ; the ordinary Adams method, foi 
example, gives erroneous results, because the cane sugar dricis in a hard 
mass on the filter coil and renders the extraction of the fat difficult. J. F. 
Ceisler, however, believes ho has attained fair results by using for the 
extraction petroleum spirit ora mixture of this with 15 per cent, anhydrouf: 
other. 

Cmtrifugdl Methods. — I’earmain and Moor' obtained what they con- 
sidered fjjir results by the Leflmann-lieam’s process, using 1 gnu. of the 
original sample and adding ITgSO^ of 85 per cent, strength. 

A better process, however, is that of Lejich.*'^ Twenty-five c.c. ol 
•10 per cent, solution, corresponding to 10 gnus, of the original milk, arc 
measured into the ordinary test bottle for milk-fat detA‘minatiou used in 
the Babcock machine. The bottle is then filled nearly to the neck with 
water, the contents shaken and 4 c.c. of a solution of copper sulpliato of 
the approximate strength of Fchliug’s copper solution is added. The 
bottle is then well shaken and whirled in the centrifuge until the pre- 
cipitate, which consists of the proteids and the fat, has settled out. The 
clear supernatant liquid, which contains the sugar in solution, is drawn 
off by means of a pipette having sufficient capacity, a small wisp of 
absorbent cotton being lightly twisted about the lower end of the pipette 
to servo as a filter. If a suction pump is available, it will bo found 
convenient for this purpose. After the liquid is drawn up into the pipette, 
the cotton wad is removed from its lower end by rubbing against the 
inside of the neck of the bottle, and the pipette is withdrawn. The 
precipitate is washed twice as aljo' c by decantation, taking care to 
thoroughly mix the settled precipitate with the wash water. If the 
precipitate cakes down hard, it may be desirable to use a platinum wire 
as a Ftin*er. After the final washing, suffici<^nt water is added to amount 
to about the normal volume of 17’6 o.c. (the quantity of milk usually 
measured for the Babcock test). The contents of the bottle are thoroughly 
mixed, and the regular amount of sulphuric acid is added, viz., 17 ‘5 c.c. 

From this point on, the usual Babcock centrifuge method is followed. 
Multiplying the final reading by 1’8 wo get the percentage of fat. In 
1 Analyst, 1895, 270. 

^ Fifth Annuai Meport MassaFhuseUs Stai^Board of Health. 
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working Loach’s method we have found that unless a high speed machine 
is used the proteids settle with difficulty, and that this settling is aided 
by standing the bottlo in ice-cold water. A convenient substitute for the 
pipette and cotton-wool is a short glass tube constricted about -Jth of an 
inch from the end, the end being plugged by a small piece of well teased 
asbestos, the filtration being assisted by attachment to a pump. A 
centrifugal machine is not absolutely necessary, as the proteids settle on 
long standing. 

Werner Schmidt Method, — This method is interfered with by the 
carbonisation of the cane sugar. 

By washing the ethereal extract with cold water, until no more colouring 
matter is removed, or, lietter still, by the use of petroleum ether, the fat 
is obtained practically pure {Allett)} 

Leffinann and Beam use anhydrous ether, which precipitates the caramel 
on to the side of the flask. 

We have used succcsHfully the following modification: — The proteids 
and fat are precipitated with copper sulphate, as in Leach's process ; the 
precipitate is washed with cold water four times, the proteids dissolved by 
HOI, and warming, the solution transferred to a separating tulx), the 
original bottle well washed with other, the ether added to the liquid and 
the solution extracted in the ordinary way with anhydrous ether. 

The Ritthausen method may also be used, the precipitated proteids 
and fat being extracted with anhydrous ether, 

§ 186. Edimation of the Total Proteids in Comlemed Milk, — 10 c.c. of 
a 60 per cent, solution of condensed milk are diluted with water and 5 o.c. of 
a 6 per cent, solution of sulphate of copper added ; the fluid is th/m treated 
with d.n. soda solution until nearly neutral, and the precipitote dealt with 
as described in liitthauscn’s process, p. 226. 

§ 187. Estimation of Lactose in Condensed Milk. — The best method is 
to precipitate the proteids by copper sulphate and sodium hydroxide and 
determine the reducing sugar in the filtrate gravimetrically. Volumetric 
methods may also be used when only approximate results are required. 

§ 188, Estimation of Cane Sugar in Cond.ensed Milk. — An approximate 
estimation of the cane sugar may be made by deducting the proteids, 
ash, fat, and milk sugar from the total solids. Such a method is useful 
as a chock on more exact methods of analysis. 

Leflinaun and Beam’s method consists essentially of precipitating 
proteids by mercuric nitrate and taking a polarimetric reading, then, after 
nearly neutralising the filtrate and adding a little thymol, inverting by 
invertaso at 35" C. to 40“ C., and allowing it to stand for twenty-four hours. 
The cane sugar is inverted, the milk sugar remaining unaffected. The 
polarimetric reading is taken after clearing with aluminium hydroxide. 
The difference in the reading will give the cane sugar. The usual correc- 
tions for precipitated proteids and fat must be made. 

Stokes and Bodmer determine first the reducing power of a clear 
filtrate. This is duo to lactose, and can be calculated as siich. Next, the 
filtrate is boiled with citric acid solution (1 per cent.), and submitted to 
Fehling, an increased K is obser^^ed, whicli obviously is due to both invert 
sugar and lactose. The amount of lactose being known, it is easy to calcu- 
late the reduction due to cane sugar. 

W. D. Bigelow and K. P. MacElroy use the following method to 
determine the carbo hydrates of condensed milk : — 

1 Cofnnerdal Organic AnaXysiSt iv., 229. 
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The following solutions arc required : — 

Add Mermrir Iodide . — Mercuric chloride, 1*45 grms.; potassium iodide, 
3*32 grms. ; glacial acetic acid, 2 c.c. ; water, 64 c.c. 

Ahimifm Cream . — A cold saturated solution of almii is divided into 
two une<]ual parts; to the larger portion is added a slight excess of 
ammonium hydroxide, the remainder is mixed until tliere is only a faintly 
acid reaction. 

The entire contents of a can are mixed thoroughly in a porcelain dish. 
A number of portions of 25 grms. each are taken and placed in 100 c.c. 
flasks. To two of the flasks water is added, and the solutions boiled. 
The flasks are cooled, the contents clarified by tlic mercuric solution, and 
the aliunina cream Altered, made up to a dehnitc volume, and a ])olari- 
metrio reading taken. Other portions of the milk are heated in the water 
bath to 55“ C., and inverted by means of invertase (or brewers* yeast), the 
iTivertasc being allowed to act for flve hours. The sample is then clarified, 
filtered, and polarised. The difference of the two readings serves as a basis 
for calculating the percentage of cane sugar. A correction for the volume 
of precipitated proteids and fat must be made. 

The total reducing sugar is estimated by Fehling in one of the portions ; 
if the sum of it and the amount of cane sugar obtained by inversion is 
equal to that estimated by the polarimetric reading before inversion, no 
invert sugar was originally present in the sample. But if tlie reducing 
sugar is too great, the amount of milk sugar must bo redetermined as 
follows : — 

250 grms. of the condensed milk are dissolved in water, the solution 
boiled, c(t)lod to 80“, and a solution of about 4 grms. of glacial phosphoric 
acid added ; the mixture is kept at 80“ C. for a few minutes, then cooled 
to the ordinary temperature, made up to a definite volume, shaken and 
filtered. It may be assumed that the volume of the precipitate is ecpial 
to that obtained by mercuric iodide solution. Tlic fi<)e acid is nearly 
neutralised by sodiiun hydroxide, and sutticioiit water added to compensate 
for the volume occupied by the solids precipitated by pho 82 )horic acid. 
The whole is now filtered, and the filtrate measured in portions of 100 c.c. 
into flasks of 200 c.c. capacity. A solution containing 20 mgrms. of 
potassium fluoride and half a cake of compressed yeast is added to each 
flask and the mixture allowed to stand for 10 days, at a temperature 
between 25“ and 30“ C. In the presence of a fluoride the invert and cane 
sugar are fermented by the yeast, while the milk sugar remains unaflected. 
The remaining milk sugar is therefore determined by the polariscope. The 
invert sugar and lactose have already been dctcjrmined by a copper solution 
on the original uufermented solution; and, by subtracting the copper 
due to lactose, the invert sugar (if piosent) may be calculated. 

§ 189. Comfosition of ihriginal il/'//.:. — The best method is to calculate 
to a standard, such as the average amount of non-fatty solids in 
ordijiary milk, or the average total proteids. The average non-fatty solids 
may be taken as 8*9 per cent., the average proteids 3*4 per cent. 

TIio fat of the original milk is then calculated as follows : — 


Fat of ori^nal nrilk= 

Non-fatty solids of condensed milk 
Fat of original ■°fll»- p^teidsotlnILod milk - 


The non-fatty solids of condensed milk wifi include only milk sugar. 
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protoids, and mineml Bubstances, and will, for the purpose of calculation, 
exclude cane and invert sugars and added preservatives. The total solids 
of the original milk may be arrived at by adding 8-9 to the percentage of 
fat calculated for the original milk. The ash of the original milk may be 
calculated on the same principles, thus; — 


Aali of original inilk- 


Asli of coiultjii.sid milk x 8 ‘9 
Non-fatty solids of condeiisod milk* 


§ 190. Degree of Gonemtraiion^ — The degree of concentration is 
obtained by dividing the total milk solids of condensed milk by the 
calculated milk solids in the original milk, thus : — 


Di'greo of coucfiiitration-- 


Total milk solids of coiitlonscd milk 
Total milk solids of origyial milk 


Example: — Viking Ilraiitl: 

Ter cent. 

Total milk solids, . 35’i)3 

Non-fatty solids, . . . , , , . 2r»*l 

Fat, 10-43 


Fat of original milk — P « 3 *7. 

25*1 

Total solids of original milk 8 *9 + 3 *7 ■= 12-8, 

Degree of concentration by we/glit--'^** 

12*8 


O 

Tlie moaning of the ‘degree of concentration' is, taking the above 
example, that every grin, of condensed milk must be made up to 2*82 
grins, with water in order to produce a fluid containing 37 per cent, of 
fat and 12 '6 per cent, of total solids; hence, in tlie above ease, to every 
100 grms. of milk 182 grms. of water must be added. 

If the volume of water required to dilute a given volume of condensed 
milk to its original composition is wanted, it will be necessary to knoAV the 
specific gravity of the condensed milk. 

The degree of concinitration by volume will equal the degree of con- 
centration by weight multiplied by the specific gravity of the condensed 
milk, or 


Degree of concentration by volume 

milk solids of condensed milk x sp. gr. of condensed milk 
Total milk solids of diluted milk. . 


From this value deduct 1 to get the volume of water to be added to 
every 1 c.c. of the condensed milk, in order to produce a fluid having the 
same amount of milk solids as the original milk. 

§ 191, Adulteration of Corulmml Milk . — The most common adulteration 
is tlie removal of fat from the original milk before concentration. This 
may be detected by calculating in the manner already given the composition 
of the original milk. 

It has been proposed to judge the quality of condensed milk by the 
relationship between the proteids and fat, condensed milk should oonlain 
as much fat as proteids. The average amount of proteids in genuine milk 
is 3*4 per cent., and it is the least variable of all tlie constituents. Hence, 
according to this standard, 4he fat would have to be 3*4 per cent. ; since, 
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however, the limit in this country is 3 per cent, for milk fat, no liiglier 
richness in fat can bo insisted upon as regards milk used for (jondensing, so 
that it is preferable to calculate the composition of the original milk either 
on a staiKlard of 8*9 per cent, solids not fat or on a standard of 3*4 per 
cent, totjil proteids ; if, then, the fat of the original milk falls below .3 per 
cent, the condensed milk may be judged deficient in fat. 

Cane Swjar.—CauQ sugar may be found in sjimples of milk stated to be 
free from such addition ; it may be tested for by Cotton’s method (p. 233), 
and estimated by the processes already given. 

Glueose . — ^According to Richmond, ^ glucose is sometimes substituted for 
cane sugar. Its presence may be detected by the high reducing power 
before inversion and by the fact that the reducing sugar bears no relation 
to the amount of total proteids in the sample. In ordinary condensed milk, 
the milk -sugar is about 1*44 times the quantity of total proteids. 

Starch has bcen^found in ordinary condensed milk, and it is sometinics 
found in condensed milks ‘prepared for infants’; it is easily detected by 
.the addition of iodine solution. 

Glycerin is stated {Alim) to have been found os an adulterant of con- 
densed milk. 

Preservatives may be looked for in the same manner as in milk. 


Ckbam. 

§ 192. Milk oil being allowed to rest for some time becomes covered 
with a yellow f.itty layer, known as cream. In composition it fairly agrees 
with oreffnary milk, save that it contains a large percentage of fat, and 
iJiat tliere is also a somewhat relatively higher percentage of casein and 
albumen. I'he albuminoids have a tendency to separate partially, ^ and 

* Chtmistiy, p. 146, 1899. * 

® Riclimond considers tkis to bo due, in the case of clotted cream, such as Devonshire 
cream, to the evajK)mtion of water from the surface dining heating. In the case of 
oi-dinary cream ho denies tliat the ratio of solids not fat to w'ator is any higher than in 
milk. He considers tliat other observei's have fallen into this error through not taking 
into account : (1) the cvajioration of water from the suifooe of the cream, (2) nntthods of 
analysis, i.e., either the fat has been imperfectly extracted, or has increase in weight 
througli overheating. He has also workea out the following table, which enables the fat 
10 bo judged with considerable accm-acy from the total solids of ordinary cream but not 
from clotted creams ; — 

TABLE XX.— Ratio of Fat to Total Solids in Cufam. 


Total 

Holids. 

F,it. 

.Solids 
not Fat. 

Total 

Bolidi. 

Fat. 

Solids 
not Fat. 

Total 

Solids. 

Fat. 

Solids 
not Fat. 

60 

55-8 

4*2 

49 

437 

6*3 

88 

31*6 

6*4 

f>9 

547 

4*3 

48 

42*6 

5*4 

87 

30*4 

6*6 

58 

53*6 

4-4 

47 

41*5 

6*6 

86 

29*3 

67 

C/ 

52-5 

4*5 

46 

40 '4 

5*6 

85 

23*2 

6*8 

.'i 6 

61*4 

4*6 

46 

39*3 

67 

84 

27*1 

6*9 

.^6 

60-3 

47 

44 I 

38-2 

6*8 

88 

26*0 

7*0 

54 

49 ‘2 

4*8 

43 i 

37*1 

6*9 

82 

24*9 

1 7*1 

53 1 

4S-1 

4*9 

42 i 

36*0 

6*0 

31 1 

23*8 

7*2 

62 

47*0 

6*0 

41 1 

84-9 

6*1 

30 

22*7 

i 7*3 

51 1 

45*9 

6-1 

40 1 

38*8 

6*2 

29 

21*6 

1 7.4 

60 

44*8 

! .5-2 

39 

. 827 

6*3 

• 
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mechanically adhere to the fat ; for example, the authors found the average 
composition of Devon cream as follows : — 

Per cent. 


Milk-fttt, 


65*011 

Gasoil), 


3*530 

Albumen, 


*521 

l’ej)toiio.s, 


*060 

Lactijfibronie, .... 


. Undetennined 

Milk-suga)-, .... 


1*723 

Water, 


. 28*676 

Ash, 

Chlorine in Ash, .... 
Calcic rhosjiliato, 

• *3/3 

. *490 


It will thus be seen that the milk has thrown up casein with the fat, 
for if we allow that ordinary milk contains 87*2 of water and 3'0 per 
cent, of casein, then the amount of casein in the cieam, if none were 
separated, would be — 

Water. Caselu. Water. Caaeiu. 

87*2 j 3-0 : 28*675 - *98 

But the cream, instead of containing *98 per cent., actually contains 2*55 
in excess of this (juantity. 

The amount of albumen strictly follows the casein, for the ratio of 
casein to albumen in milk being as 3*0 is to *4, the theoretical yielil of 
albumen in this particular case would be *69, the amount actually found 
being about *1 per cent, lower than this estimate. 

If the composition of the Devon cream shows clearly that there is some 
considerable separation of the casein, the milk-sugar follows vefy closely 
the proportions one would expect to find from the amount of water ; for, 
taking the average of 4*7 of milk-sugar dissolved in 87*2 of water, we get 
in the present case — 

Water. Sugar. Water. Sugai-, 

87*2 : 4*7 : 28*7 - 1*5 

which does not deviate very considerably from the numbers actually 
obtained, viz., 1*723. 

Devon cream is of the consistence of a soft paste, and is covered with a 
skin-like layer of partially dried caseous and fatty matter. This cream 
is produced by keeping the milk in large pans, at a gentle heat, for many 
hours. The temperature is always far under boiling point, yet probably 
sufficiently high to arrest fermentation. This application of a moderate 
heat during a lengthened time causes the fat to coalesce and rise more 
rapidly than the ordinary method. Such cream is preserved in some 
degree from the infection of the lactic ferment, and will keep perfectly 
sweet many days, even in warm weather, provided always that the layer on 
the top lb not destroyed nor disturbed ; as when once this is done, especially 
if the top pertion be mixed thoroughly with the rest^ lactic fermentation is 
very rapid. 

Ordinary, oi raw cream, is either cream raised in the ordinary way, that 
is, by allowing milk to rest undisturbed at the ordinary temperature; 
or it is separated more modem and scientific processes, such as the 
action of cold and cmtrifugal machines. Cream, as thus produced, is a 
thiokish, yellowish liiiiid, containing a variable amount of milk-fat, for 
which, unfortunately, tt^re is no legal standard, and it is difficult to say 
what is the minimum proprtion of fat a cream may contain, and yet be 
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properly desijijnatcd cream. Without a doubt, this is either a matter 
which should be regulated by law, or the dairies should charge so much for 
every percentage of fat ; it is the authors^ opinion that any rich milk sold 
as cream with less than 25 per cent, of fat is not cream^ properly so called. 
There was a great diveraity of opinion amongst those witnesses who sug- 
gested a limit for fat in cream before the Departmental Committee on Milk 
and Cream Regulations, 1901, the limits varying from 10 per cent, to 60 
per cent. The Committee finally decided “ That the weight of evidence was 
not favourable to the establishment of official limits of fat for cream, nor 
docs it appear that any substantial difficulty arises in selling cream in 
diflcrent qualities, at corresjwnding prices, to meet the requirements of the 
public. . . . The Committee consider, therefore, that no regulations arc 
retiuircd with regard to the amount of fat in cream.” 

The Ibllowing are the monthly averages of a very large number of 
analj^ses of cream eiamined by Dr. Vieth.^ It will be seen that the lowest 
average is 3 1*8 per cent. ; the liighest, 51*1 per cent. ; and the mean of the 
whole, 41 '0 per cent., and this may be taken as fairly representing the 
composition of good cream : — 





1883. 

1881 

1885. 

1886. 




Fat. 

Fat 

Fat. 

Fat. 

January, 



32*8 

32*6 

36*9 

42*1 

February, 



34*7 

88*6 

87*8 

43 -.5 

March, . 



32-8 

34*2 

37*1 

45*4 

April, , 



34*9 

33*7 

87*9 

45*7 

May, . 



38*1 

86*4 

40*0 

46*0 

June, 



40*6 

87*0 

41*9 

42*6 

July, . 



37*0 

89*0 

42*8 

41*7 

August, . 



41*1 

87-7 

45*2 

43-3 

September, 



36*2 

36*3 

47*8 

45-1 

October, 



33*4 

36 *6 

48*4 

46’ 0 

November, 



32*1 

33*6 

61 % 

4r.*3 

December, 



31*8 

83'9 

44*6 

44*2 

Yearly averages per ) 
the whole, . . i 

35*5 

42*1 

42-6 

44*2 


The analym of cream is conducted on the same principles as that of 
milk. Trouble will be found in drying the cream in order to estimate the 
water, unless, for this puri)ose, quantities so small as a gramme are taken, 
l^his, spread out in a thin layer on a platinum dish, dries easily enough at 
the temperature of 100“ C. Should larger quantities for any reason be 
taken, it will then be necessary to treat the cream, after partial drj'ing, 
with petroleum or ether ; extract the fat, and then dry the fat and the 
* solids not fat’ separately — the fat at about 105“ C., the ‘solids not fat’ at 
100" C,; the loss is then considered as water. The fat of ordinary cream can 
be determined by the Adams’ method, or, if diluted, by a centrifugal 
method or by that of Wemer-Schmidt. 

Adulteration of Gfeam — PreservaUvee — The most common adulterant 
is borax, but the preservatives found in milk should all be looked for. The 
Departmental Comijaittee on Food Preservatives, etc., 1901, recommend^ 
that no preservatives other than borax compounds should be used in 
cream, the amount not to exceed *25 per cent, boric acid, and the nature 
and aipount bf preservative to be declared. 

§ 193. This is a common adulterant of cream. The Depart- 

mental Committee pn Milk and Cream Regulations, 1901, recommended 

1884, 1886, 1880, J?-887. 
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that the artificial thickening of cream by any addition of gelatin or other 
substance shall raise a presumption that the cream is not genuine. 

For the detection of gelatin in cream fitokes^ method may be used ; — To 
10 grammes of cream add 25 c.c. of water and 2 c.c. of Wilcy^s acid 
mercuric nitrate solution, and shake well ; filter through a dry filter. In 
the presence of much gelatin the filtmto cannot be obtained clear, and it is 
not essential that it should be so.' On adding a saturated solution of picric 
acid in water, a yellow precipitate will come down if gelatin be present. If 
the quantity of gelatin be small, the precipitate will not form for some 
minutes. 

Richmond describes a substance known as * viscogon,’ consisting of lime 
in cane sugar syruj), of which he says a small (juantity has a remarkable 
effect in increasing the thickness of cream. 

Dejctrin and Sturch have been used. 

Alhumen\\i\,^ been found by one of us ; it may be detected by estimating 
the casein and albumen in the cream ; they should have the same approxi- 
mate ratio to the water as they have in milk. 

Colourinri Matters . — Cream is very often artificially coloured, the colours 
most frequently used being annatto and coal-tar yellows. The colours 
be detected as in milk. 


Koumiss. 

§ 194. Koumiss is an alcoholic drink made by the fermentation of milk ; 
it is prepared by the nomad popukatiou of Asia (especially by th^ Tartars) 
from the milk of the mare and that of the camel : it is also manufactured 
from cows’ milk. The preparation of koumiss by the Tartars is very 
simple : ten parts of fresh warm milk, with a little sugar, are added to one 
part of milk which is already sour — that is, which contains lactic ferment — 
and the whole is allowed to rest for two or three hours with repeated 
stirring. The chemical changes taking place seem to be a |)artial decom- 
J)osition of the sugar into lactic acid, the development of cjirbon dioxide 
and alcohol, and {wssibly certain changes in the albuminoids, changing 
them partly into peptones. The composition of koumiss, since it may be 
derived from such different sources, is variable. A few analyses are as 
follows : — 



Moan 

ten nnalyses. 
Konijt. 

KoTunisB fr^on 
maws’ milk. 

W. Fleiachmann. 

Koumiss from 
emvs' milk. 

W. FleischinaDD. 

Koumiss 

48 hours old. 

J. A. Wanklyn. 

Water, 

87-88 

91*53 

88-93 

87-32 

Milk-sugar, . 

3 70 

1*25 

3’in 


Lactic acid, . 

1-06 

1*01 

•79 1 

0 DU 

Casein, 

2-83 

1-91 

2 03 ' 

2-84 

Milk-fat, . 

•94 

1-27 

•sa 

•68 

Alcohol, 

l-.')9 

1*85 

2-66 1 

1*00 

Carbonic acid. 

•88 

•88 

1-03 

•90 

Ash, .... 

1-07 

'29 

•44 I 

•66 


In the koumiss from cows’ milk, Fleischmann separated *166 per cent 
of glycerin. • 
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Buttermilk. 

§ 195. Buttermilk is the thin whey left behind when the fat has been 
extracted in the process of butter making. It is never fat-free ; it contains 
all the constituents of milk, but a groat portion of the sugar has been 
changed into lactic acid. It is then essentially a dilute, poor acid milk. 
The average composition of fresh buttermilk is : — 


"W atiT, 90*62 

('usfiii, 3*78 

Fat ' 1 *25 

At ilk-sugar, 3*88 

Ijaotic add, *32 

Ash, ‘65 


The lactic acid^tonds to increase, so that samples which have stood 
a little time will contain more lactic acid than the proportion above given ; 
besides the ordinary salts of milk it frequently contains the common salt 
added to preserve the butter. It is not an article of (jommerce, and from 
its occurrence merely as a bye-product dillers in composition considerably.^ 

Butter. 

§ 196. ComiitnenU of Butter . — In the manufacture of butter the 
cream is violently agitated in a churn or other suitable apparatus, and in 
this manner the thin membrane * enclosing the fat globules is Hup].>osed to 
be ruptiyod. The free fat then coalesces, entangling with it some casein 
and scrum; the butter is well pressed together to free it as much as 
possible from moisture, and salt added to assist its preservation. Butter, 
therefore, is composed principiilly of milk-fat^ with a small and variable 
(luantity of water, casein, milk-sugar, and ash, the latter consisting chiefly, 
but not entirely, of the salt added. 

The fat of butter may he shown, by careful cooling, to consist of about 45*5 jwr 
cent, of butter oil and r»4*5 per cent, of solid fat ;* it is usually stal<jd to consist of a 
mixture of the glvcerides of the fatty acids— palmitic, stearic, and oJeic— not soluble in 
water; and also of the glycerides of certain soluble and volatile fatty acids, princjiMilly 
butyric, with small quantities of caproic, caprylic, and capric acids. It is the association 
of about 7*8 per cent, of the triglycerides of these volatile acids with the glycerides of the 
insoluble acids, which gives to butter-fat its peculiar and distinctive chametors ; but 
it is probable that stearin, palmitin, butyiiii, and eaproin do not exist in butter, their 
place n^ing taken by move cfuuplicated glycerides, the glycenn being combined with 

y/0 • C 4 Hiy 0 

two or three diiferent acids. A ciystalline glyceride,* C3H5— 0 . Ci„H3i0.2, has, indeed, 

\0 . C18H35O.2 

been isolated from butter. 

The different constituents, as well as the physical characteristics, of 
butter- or milk-fat have been already described at p. 196 et seg. 

* Some analyses by Dr, Victh {Analysis 1884) may be thus summarisod ; — 


• Total Solids, Fat, Solids, not Fat, Ash, 
per cent, per cent per cent. per cent. 
Maximum, , . 10*70 2*61 10*16 1*32 

Minimum, . . 8*13 *49 7*13 *64 

Mean, , . . 9*43 *7 8*66 *75 


‘ Reasons for doubts aa to the existence of this membrane are given at page 194. 

* A. Wynter Blyth and'Robertson, Jowm. Chem. Soc,^ 1889 (Proceedings), 6. 

* A. Wynter Blyth and Robertson, Op, cU, 
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The general composition of butter-fat, as usually stated, is as 
follows : — 

Glyoerides Equal to Fatty Aei na. 

Olein, . . 42-21 = Oleic Acid, . 40'40 

Stearin and ) _ J Stearic and Pal- 

I’alinitin, . J \ mitic Acids, . 47'r)0 

87*90 Total insoluble solids. 
Butyrin, , 4*67 = Butyric Acid, . 3-49 

Caproiii, . 3 02 = (’ajmiic, . . 2‘40 

Caprylin and \ .i « _ J Caprylic and Rutic 
Rutin, . / 1 Acids, . . '80 

100 00'= 94-69 Total acids.'-* 

Piu-o, dry butter-fat melted at a heat not exceeding 100’ F., has at 
that temperature a specific gravity ranging from ‘91 079 to -91400; its 
fusing point, taken in the manner to be des<*ribod, ranges from 30“ *5 to 
36“ -5 ; average specific gravity at 16“ is ‘93072. 

The relative proportions of fat, casein, and salt, in butters, may be 
gathered from the following table: — 


Per cent. 

UanlBh. 

Bicliiuond. 

English. 

Richmond. 

Irish Salt 
Firkin. Tlcb- 
borne. 

Australian. 
PeamtKh H 
. and Fu 

t 

Swedish. 

Arrington 

rrust. 

jftalian. 

Fat, . . 

Cuitl, . , 

Salt(A.sh), 

Water, 

83-41 

1 30 
1-87 , 
18 *42 

86-85 

0*69 

1-02 

11-64 

63*58-88-60 

0- 46- 4-16 

1- 02- 7*02 
8-12-30-84 

86'21 

1-30 

1-68 

11 *81 

82-66 
rie 
2*70 ' 
13*69 

84-12 

•66 

*18 

16*06 


Makgarinb. 

^ § 197. Margarine . — The manufacture -of margarine* is an important 

Industiy in the United States, and is also largely produced in Holland and 

* The theoretical percentage of C, H, and 0, oorreapoiiding to these glycerides, is as 
follow8:-U 72-8, H 13-3, 0 13-9. 

^ E. Duclaux {Compt, Jiend., cii., 1,022, 1,077) by a process of fractional distillation 
has examined a series of prize Normandy buttiTs, in s^ial relation to the proportions 
of Caproic and Butyric acids ; his results are contained in the following table : — 



1 . 

2. 

8. 

4 . 

6 . 

6. 

7. 

8. 

Water, . . . . 

I 2-4<) 

13-86 

12-28 

10-72 

13-.34 

11*62 

14-00 

18-08 

Fat. 

86-71 

85-48 

80*76 

88-80 

86-01 

86*52 

85-81 

86*88 

Alilk*8ngar, 

0-16 

0-20 

0-17 

0-18 

0-20 

0-80 

0-20 

0-11 

Casein and salts, . 

0-7 S 

0-96 

0-70 

0-86 

0-46 

1-66 

0-40 

0-68 


100-00 

100-00 

100-00 ! 

100-00 

100-00 

100-00 

100-00 

100-00 

Caproic acid (per cent.), 

2-10 

2-18 

2-17 

2-2 S 

2-26 

2-00 

2*08 

2*19 

Butyric add (per cent.), 

8-66 

S -62 

8-68 

8-60 

8-65 

8-38 

3-62 

8-46 

Bum of the acids, . 

C '66 

6-70 

6-70 1 

5*83 

6-01 

6'38 

5-60 1 

6-66 

Ratio 

2-1 

2-0 

2-0 

2-0 

20 

2'1 

2-1 

2-0 


The mean of the eight determinations gives Caproic 2*16 and Butyric Acid 8*52 per cent 
8 M6ge Mouries, a chemist, api)ears to have been the first who proposed the manu- 
fitoture of ai-tificial butter. It came first into commerce about the year 1872. I^e 
Appendix. • 
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in Bcl^aum. As manufactured in Chicago, it would appear to be, at all 
events, a cleanly article. Animal life is plentiful in the States ; American 
technical operations are on a gigantic scale, and too much capital is 
involved in the matter to allow of the use of any process likely to disgust 
the consumers. The chief constituent used is beef-fat, which consists for 
the most part of stearin, margarine (so-called), and olein. The olein and 
margarine melt at a much lower temperature than the stearin. Mutton- 
fat contains more stearin than beef-fat; hence, in summer, the softness of 
beef-dripping as compared with the solidity of mutton-fat. This is ob- 
viously the reason why the manufacturer prefers beef-fat. The process 
of manufacture is briefly as follows : — The beef-fat, freed first as much as 
possible from fibre, passes in a very finely-divided state from a sort of 
minciiig-machiue, technically called a ‘hasher.’ to large tanks, where it 
is melted by mean^of water-jackets applied to the tanks, and heated to a 
temperature never allowed to exceed 39“ C. The result of this process is, 
that the fat melts to a clear yellow oil, the water and (Uhria sinking to 
the bottom, and a thin scum of impurities rising to the surface. The 
latter is skimmed off, and the yellow oil run into wooden cars, in which 
the stearin, after a little time, begins to deposit in a more or less crystalline 
or granular condition; the refined fat is then put in a press-rooin, and 
kq)t at a temperature of from 26“ '6 to 32“*2 C. The olco-margarine is 
filtered through cotton cloths, and ultimately pressed ; the result of which 
is, that the stearin is left behind as a white cake, and is ultimately dis- 
posed of to the candle-maker. The olco-maTgarinc, at this stage, is quite 
tasteless, and has no flavour of butter. This flavour is given by churninj! 
it with Inilk ; lastly, the prodiict is coloured with annatto, and rolled with 
ice, after which it is either made up into pounds, or packed into kegs foi 
ex^x)rt. Arrived in this country, it is either sold honestly as ‘ margarine 
at the price of about dightpcnco per pound ; framlulcntly at a higher price, 
as butter; or it is used as an adulterant of butter. The chemical pro 
portions of the artificial butter vary according to the fats used in tlu 
manufacture and the details of the process employed ; but they all agree 
in this, that when the butter is saponified and the acids set free, there i* 
a great deficiency of soluble fatty acids, as compared with those of true 
butter- fat. 

A return shows that during one month the following ingredients 
were used in the manufacture of margarine in the United States, the 
figures indicating the percentage each ingredient bears to the whole 
Neutral fat 31*88, olive-oil 28*84, cotton-seed oil 4*34, salt 6*83, mill 
16*13, butter and butter- fat 7*10, cream 4*02, and small quantities OJ 
sesame oil, colouring, sugar, stcarine, glyce^’ine, and glucose. 

The proximate analysis of commercial margarine is as follows : — 


Water, 12*01 

Palmitin, ........ 18*31 

Stearin, 88*60 

Olein, 24 05 

Butyrin, Caproin, and Caprylin, .... '26 

Casein, , . *74 

Salts, 6*231 


I It has been asserted tlwit artificial tributyrin has been added to oleo-margarme 
Such an admixture may m readily dissolved out of the butter-fat by strong aioobol 
while the natural tributyrin is not ao easily seiwrable from buttcr-fat by any solvent 
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Analysis and Adulteration of Butter. 

§ 198. The only common adulterations of butter are the substitution 
or admixture of fats other than butter/ of water, the latter being either 
left in the butter in undue proportion through hiulty manufacture, or 
fraudulently added, of colouring- matters, and of boracic acid or borax. 
The addition of mineral substances, tioiir, and other articles enumerated 
by different writers, is at the present day rare. The analysis of butter 
naturally divides itself into — (1) The general examination and analysis; 
and (2) the investigation of the fat. 

§ 199. 1. Tlid (iamral Examination and AnahjHis of Butter. — ^fhe colour, 
taste, and odour of the saiiiplD should, of coume, be noted. It will also 
be useful to make a microscopical examination of the sj^mple, 

Ttie Minmcopind Examination of Butter. — A very small piece of the 
butter is placed on a slide and just covered with a drop of olive oil, a 
cover glass is gently pressed down upon it until the film is sufliciently 
transparent. The preparation should be viewed both by ordinary and 
by polarised light. Coarse adulteration, such as starch, will be at once 
observed. Ordinary well-made butter will have a characteristic appear- 
ance, the water globules varying in size within narrow limits; under 
polarised light it will show no bright patches or crosses, except where 
definite crystals of salt or other preservative can be observed. Butter that 
has been heated and cooled, as, for instance, process or renovaM 
butter that has been mixed with water at a high temperature or eburned 
at too high a temperature — butter mixed with maryariue^ buttei^that has 
become rapidltj state^ may also show bright appearances under polarised 
light. Butter made from cream is said to sometimes give the 

same appearance. 

Milk blended butter^ under ordinary light has a very much more 
uniform appearance than ordinary butter; the water globules being all 
small and of the same size, it shows no bright ])laces under polarised light. 
•Butter mixed with an excess of water at a high temperature often shows 
very large water globules. 

Marijarine has a very different microscopical appearance to butter, the 
ground substances consisting of a coarsely granular substance containing 
some very large water globules ; under polarised light it shows many bright 
placesj but margarine may, under certain conditions, be so mixed with butter 
as not to give any evidence of crystalline structure when viewed under 
polarised light. 

The Proximate A^ialysis of Butter — that is, the separation of butter 
into mineral matters, curd, butter-fat, and water — is' very readily 
performed. 

10-20 grms. of butter are put in a flask, 50 c.c. of paraffin oil added, 
also a little tannic acid, and a few fragments of pumice stone, and distilled, 
the distillate being received into a graduated tube ; the paraffin and the 
water form two layers. The volume of the water can therefore be read off* 
(W. Thorner, Zeit angew, Ghem.y 1908), the results are a little low. At 

* A. Mayer {Lardw. Fermeh8.-Stat.f 29, 215-232) has made exporimonts on a man 
and a boy as to the relative nutrient power of natural and artificial butter. He found 
on the average that 1*6 per cent, less of the artificial butter was absorM than of the 
natural. 

^ See page 276. 
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first there may be much bumping, but with care a quick distillation may 
bo effected. 

The water may also be estimated by placing about 1 grm. of the 
butter in a large platinum dish, so that the fat forms a thin layer, and 
then exposing it to the heat of the water-bath with frequent agitation until 
it ceases to lose weight. The salt is best determined in a separate sample ; 
from 5 to 10 grms. of the butter, made up from different portions of the 
sample, are shaken up with hot water in a separating funnel, the water 
poured away from the fat, and the chlorine estimated by silver nitrate and 
potassic chromate, as described in the article on Water Analysis. The 
milk m(/ar may be estimated on a porti(m of this water extract by any ol 
the usual methods. 

The/u^ may be estimated by extracting it from the dried residue used 
for the water determination, by boiling ether, benzene, etc. ; the residue left 
in the dish dried and weighed will give the solids not fat and salt and any 
added mineral matter ; these two latter and the ash subtracted from the 
* solids not fat ’ will give the riird. The actual proteUU are best estimated 
by making a nitrogen determination. The fat is usually most easily 
determined by subtracting the percentage of water, curd, and minerals 
from 100. 

The general analysis finished, it remains to consider the results : — 

200. Watku. — (Sec Sale of Butter Regulations, page 46.) 

The quantity of water in well-made butters usually lies between al)Out 
9 per cent, and 15 per cent., the average being about 12 per cent. Salt 
butter, with the exception of Irish pickled butter, contains, as a rule, a little 
loss watf r per cent, than fresh butter, although salt butter has a moistei 
ai)pearance. 

Butter may contain an excess of water by reason of (1) faulty or bad 
methods of manufacture, (2) the fraudulent addition of %ater. 

(1) If batter is not properly made it may contain 30 per cent, or moK 
of water, which cannot be properly got rid of by subsequent washing and 
working, or by the addition of salt ; of the many factors which go to makt 
up the process of churning, the temperature of the cream or milk is the 
most important ; this temperature has been found to lie between 15" and 
20" 0. for milk and 12" and 18" C. for cream, the exact temperature 
depending on the kind of churn, the sourness of the cream, etc. If the 
proper temperature is exceeded, the butter will bo soft and greasy and will 
contain an excess of water. 

The method at present used in certain parts of the south-west oi 
Ireland, which consists in working into the butter a saturated solutior 
of salt, must be considered a faulty method of manufacture, since i1 
yields a butter containing, as a mie, a large excess of water. The 
brine is worked into the butter either at the .ordinary or at highei 
temi)cratures. 

This latter method is, however, accord mg to several authorities, onl^ 
used for the purpose of fraudulently adding water to the butter. 

The valuable expoyiments of Messrs. R. H. Beamish, W. B. Harrington 
and T. A. Forrest, on the composition of Irish dry salted butters and brin( 
salted butters made with brine at various temperatures, clearly showe< 
tliat properly made dry salted butters need never contain more than 
per cent, of water, and that dry salt can be mixed much more effectually 
with the butter than^can brine; they further found that the difference ii 
the amount of curd in dry salted and picklgi butters was very small an( 
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not sufficient to influence the keeping qualities of the butters. The follow- 
ing table summarises their results : — 


Table Showinci the Quantity ue Wateu which can be added 
TO lUriTEJl AT VaUIOUS TeM I'K llATURES, 


Fresh ond Dry Salted Butters. 

Water. 

Per cent. 

Curd. 

Per cent. 

Mineral Suits. 
Per <cnt. 

From t.lio Minister/ Average, 

Dairy School, \ Extreme vaiiations, 

14-06 

16*09-97 

•91 

8 *6-0 *68 

1 

•84 

2 ■04-0*09 


Bnne Salted Say7ipJes — 


Temperature of I3riue. 

Water. 

Per cent. 

1“ 

Curd. 

Per cent. 

^^iueril^ Salts. 
Per ci'iit. 

68- 60® F. Avoi’fige, 

21*31 

0*78 

3*76 

70 ® F. „ . , . . 

27*38 

0*71 

5*30 

90“ F. „ . . . . 

31*18 

0*84 

7*06 

95® F. 

3*2*03 

0*62 

9*16 

10.5® F. 

29*80 

0*56 

8’jr) 

68-105“ F. Extreme variatioiiH, 

42*62-17*86 

1*09-0*20 

9 *4^-1 *91 

( 


It is evident that brine salted butters may be rocoguised by their high 
water, high salt, and low curd content. 

(2) Water may bo fraudulently added to butter at the original chuniing, 
by working the butter at a high temperature, or by using hot brine, or 
by working water or milk into the butter after manufacture. 'This 
latter process was practised at one time to a considerable extent on 
the continent, and a large amount of milk blended butter is produced 
in London at the present time (1902). The addition of soda, peptone, and 
'Other substances to the mixture of butter and milk or water is said to admit 
of a much larger incorporation of water tlian without these substances. 

Benno Martiny records the analyses of many so-called peasant-made 
butters in Germany, containing quantities of water varying from 21 ’36 to 
49 02 per cent., and one butter from Hamburg, in 1892, containing no less 
than GO to G5 per cent. 

The milk blended butter sold in England may bo recognised by its pale 
creamy, greasy appearance, by its microscopiljal characters, its high water 
and high proportion of curd to fat. 

As a rule, butters, containing fraudulently added water have a dry 
granular appearance, and do not show any visible excess of moisture as do 
butters which have been badly manufactured. 

The Solids not Fat — Those consist of proteids, milk-sugar and mineral 
Bul)sfcance8 deri vod from the original milk. The amount of these constit- 
uents left in the butter will vary according to the nature of the butter. 
Storch gives the following figures for butters from fresh cream : — Proteids 
'64 per cent., milk-sugar *36 per cent., ash *14 per cent; from ripened 
cream, proteids *84 per cent., milk-sugar -39 per cent., ash *16 per cent. 

The amount of proteids and milk-sugar left in butters is of great im- 
portance, as the larger the quantity left in, the more quickly will the butter*^ 
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go rancid ; thin bnttenj, like milk blended butter, with an excessive amount 
of proteids and milk-sugar, have to be preserved by the addition of boron 
or other preservative. 

§ 201. The Ash. — Fresh ami Salt Butter — 

The ash should consist of common siilt and a small amount of salts 
derived from the original milk. 

Ihittors containing leas than 2 per cent, of common salt are usually 
classed as fresh or mild mred \ those with more than 2 per cent, of salt, 
as salt butters. The quantity of salt usually found in salt buttere is 4 per 
cent. ; it may, however, bo as much as 9 per cent, in brine pickled butters. 
The ash will also contain borax, sodium silicate, or other added minerals. 

§ 202. Preservatives, — The most common preservative added to butter is 
borax, either alone or mixed with boric acid. l')yer has found as much 
as I'Sf) per cent, cajpulated as boric acid, but the usual (juantity is much 
smaller, 2.e., about '1 per cent. Boron preservatives are also miarly always 
added to margarine, which usually contain more than butter ; ‘6 per cent, 
(calculated as boric acid) or more being quite common. 

The Departmental Committee on Food Preservatives, etc., 1901, reconi- 
mended “(D) that the only preservative permitted to be used in butter and 
margarine be boric acid or mixtures of boric acid and borax, to be ust^d in 
l^roportions not exceeding -5 per cent, expressed as boric acid." All the 
preservatives mentioned under milk might be looked for in butter, but the 
only ones likely to be found besides borax and boric acid are sulphites and 
nitrates. Rideal has found formalin, but it is now rarely, if over, used. 
(The paper wrapped I’ouud Cana^Jian butter shipped to England is some- 
times dijH)cd in a solution of salt and formalin.) J. F. Geisler found 
])araflfin in margarine, and C. A. Crainpton 10 per cent, of glucose in a 
highly coloured French butter intended for exportation *o a hot climate 
{Jtmr. Amer. Ohem, <Soc., 1898, 207). 

Otto and C. W. Hehner have very recently found a number of Brittany 
buttora containing sodium Jiuonde in quantities varying from about 1 to 4 
grains per pound. 

The detection of j)restrvatives in butter and margarine may be carried 
out by means of the methods described under milk (p. 234-240). The most 
convenient method of testing butter and margarine for borax and boric 
acid is to melt a small quantity ol the sample in a dish, add a few c.c. of 
water made acid with HCl, mix while warm, and when the water has 
separated pass it through a wet filter and apply to the filtrate the usual 
test with turmeric paper. 

Otto and C. W. Hehner, having observed that boric preservatives in 
the presence of fluorides render the usual test unreliable, suggest the 
following process ; — The aqueous liquor is separated from 60 grms. of 
the butter, calcium chloride is added, the liquid boiled, and a small excess 
of sodium carbonate added to precipitate th'' calcium compounds. The 
precipitflto is filtered, burnt to an ash, and treated with hot dilute acetic 
acid ; the residue is collected on a filter, ignited, and treated with strong 
H2SO4 in a platinum crucible. The crucible is covered with a waxed slip 
of glass, upon which a mark has been scratched. The crucible and its 
contents are gently heated upon a sand-bath for two hours. Distinct 
etching of the glass results in the presence of a fluoride. 

The estimation of preseivath'es in butter may be earned out on the 
' geperal lines already laid 'down in the article on milk, the only difficulty 
being to get rid of the large amount of fat. Tms can usuilly he acoom- 
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plished by shaking the melted fat with several quantities of hot water, or 
by obtaining the ash of 25 to 50 grins, of the sample, as in making a 
proximate analysis. 

For the rapid estimation of boric acid in butter, Richmond' and Harrison’s 
method ^ may be iLsed ; — "Weigh out 25 grms. of butter in a beaker, add 
25 c.c. of a solution containing 6 grms. of milk-sugar and 4 c.c. N. sulphuric 
acid to 100 c.c. ; place in the water-oven till the fai^ is just melted and 
stir well ; allow the a(|ueous portion to settle for a few minutes and draw 
off 20 c.c; add a few drops of phenolphthuleiii, bring to the boil, and titrate 

with soda till a faint pink colour just ap])ears; add 12 c.c. glycerol, and 

titrate till a pink colour appears. The difference between the two titrations, 
loss the amount of alkali required by 12 c.c. of glycerol, multiplied by 
0*0308, will give the amount of boric acid in 20 c.c., fyid this multiplied by 

will give the percctage. 

§ 203. Colouring Mattel' of Butter and Marganne > — The colouring 
matter of natural butter is the * lactocliromo,’ already described (i>. 202). 

Many artificial colouring matters are also added, the original object 
being, as it was with milk, to maintain an uniform colour during both 
winter and summer. It is now asserted that the public demand a highly 
coloured article. Margarine is, of course, coloured in imitation of butter. 

The following colouring matters are said to have been added to 
butters : — Annatto, turmeric, saflPron, safflower, marigold loaves, yellow wood, 
and carotin. Also the coal-tar colours — aniline yellow (amido-azo-benzene), 
butter yellow (dimcthyl-amido-azo-bcuzcnc), methyl-orange (dirnethyl- 
amido-azo-bcnzenc-sulphonic acid), Victoria yellow (sodium dinitro-ortho* 
and para-cresols), and Martins yellow (sodium dinitro-naphthol). 

The only artificial colouring matters likely to be met with in butter at 
the present time are annatto and butter yellow (^lissolved in cotton seed 
oil), or mixtures of these substances, turmeric, carotin, and possibly saflroii. 
The most common colouring matter found in margarine is butter yellow. 

The Detection of Colouring Matters in Butler ami Margarim . — The 
colouring matters may, as a rule, be extracted from the filtered fat by 
shaking with dilute potash solution ; the potash solution may then be 
directly tested for annatto and turmeric (see Milk, p. 241). It will some- 
times be found of advantage to dissolve the fat in ether and to shako 
the ethereal solution with the alkali. 

JJutter yellow is not easily extracted from fat by alkaline solutions, but 
we have found that it dissolves in strong hydrochloric acid with a pink 
colour ; if a fat containing butter-yellow be w'armed and shaken with an 
equal volume of bydrocbloric acid, a strong pink colour w’ill bo developed, 
but will disappear on dilution. Wool heated in the hydrochloric acid will 
be dyed a magenta colour, tuniing to light yellow on washipg with water, 
but becoming the original colour when again placed in strong hydrochloric 
acid. 

J. F. Geisler mixes the filtered fat with a little Fuller’s earth on a 
porcelain plate, when in the presence of certain coal-tar dyes a pink mass 
is obtained ; we have not found this test satisfactory. 

§ 204. 2. Examination and Analysis of the Fat.— By far the most 
important process in butter analysis is the examination of the fat. The 

’ Anedryst, p, 179, June 1902. 
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data by which the analyst judges whether a butter consists of foreign fats, 
entirely or partly, are derived from — (a.) Certain simple tests; (6.) the 
melting-point; (c.) the angle of refraction; (<f.) the specific gravity; (e.) 
viscomotry; (/.) acid value; (g.) Koettstorfer’s test; (A.) the relative 
l)roportiou of soluble and insoluble fatty acids; (i) Reichert- Wollny 
distillation process. For many of these tests the first requisite is a pure 
dry fat. This is easily accomplished by melting a sufficient quantity of 
the butter over the water-bath. In a short time the water, curd, and salt 
sink to the bottom, and the nearly pure fat can be poured off. Should it 
not be clear, it must be filtered through filtering piper or glass-wool. 
This operation will necessitate the filter being kept warm in a suitable 
steam-jacket. 

§ 205. CWtain Simple I'eafs . — (For the patterns assumed by solidifying 
fats, see the 4th edition of this work, pp. .*546-348 ; although of scientific 
interest, they have been found of little practical value, and are therefore 
omitted.) 

VV. C. Crook! has experimented upon the solvent action of carbolic 
acid on butter as compfired with other fats. 1 grm. of purified butter-fat 
is put in a test-tube and liquefied, 2^ c.c. of carbolic acid solution (10 
acid, 1 water) are added, after which the mixture is shaken, and then put 
on one side for a little time. If the sample is pure butter, it wholly 
cjissolves; if beef-, mutton-, or pork- fat is present, the mixture will resolve 
itself into two solutions of different densities, with a clear line of demarca- 
tion. If beef-fat, the lower layer will occupy al)out 49*7 per cent, of the 
totiil volume ; lard, 49’G ; and mutton, 44*0. W. Leuz lias also tried this 
process, ^hd generally confirms the results obtained by Mr. Crook.^ 

. K Casamajor {Ofieni. A'ewiJ, xliv., 309, 31 0) has proposed a novel method 
of distinguishing margarine from genuine butter. Pure butter at 15” has 
the same specific gravity as alcohol of 63*7 per cent., specific gravity = *926, 
and margarine as alcohol of 69*2 per cent., specific gravity— *918. Any 
butter, therefore, which is adulterated with margarine will float in alcohol 
of 63'7 per cent. In alcohol, 56*8 per cent, (mean of 63*7 and 59*2), pure 
butter when melted sinks, margarine floats. In alcohol, 59*2 per cent., 
butter sinks, whether solid or fluid. The amount of adulteration is 
calculated as follows : — Determine the strength of alcohol, the same specific 
gravity as the sample, let it ejj^ = 57 per cent., from it take 63*7 per cent., 
which is a constant, being the butter expressed, as it were, in equivalent 
percentage of alcohol, and multiply the remainder by the reciprocal of the 
difference between the strengths of alcohol of the same specific gravity as 
margarine and butter=!(57 - 53*7) 0*1«=5*94 per cent, of margarine. 

Valentals Test — By far the most valuable simple test is the behaviour of 
butter fat with acetic acid; this is known under the name of Valcnta’s 
test. The most accurate method of carrying out this test is that proposed 
by Chattaway, Pearmain, and Moor : — 

The butter-fat, melted and filtered at as low a temperature as j)Ossible, is 
further dried by filtration through a dried filter-paper. 2*75 grms. of this 
fat are weighed into a stdppered test tube, and 3 c.c. of 99*6 per cent, acetic 

! Analyst, 1879, 1111. 

* ZeUschriftfilT analyt Chemic, 1880, 870, G. Husson {Conipt JSmd., Ixxxv. , 718) has 
proposed an ancient test depending on the different solvent proi>crtie8 of alcohol for 
niargarine, etc. ; and F. Filsinger has a very similar method [Pham, Central Hath, 
six., 42). Both these tests, however, are of little practi^l value among such a number 
of positive reactions. 
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acid added. The tube is placed in a beaker of water which is gradually 
warmed, until, on shaking the tube, a clear solution is obtained; the 
temperature is carefully noted. Several determinations should be made. 
They obtained the following figures : — 

Maximum. Minimum. Average. 

Butter fat 39-0 29 0 36 0 

Margiiniie, » . . 97*0 94*0 95*0 

The acetic acid should, in all cases, be tried on a sample or Siimjdes of 
genuine butt(T-fat; if this is done, no mistake will be made. Jean ^ relies 
rather upon the amount of acetic acid dissolved; he places about 8 c.c. of 
fat in a graduated test-tube, 1 c.c. in diameter, immersed in water of 50“ 
C. ; then removes the excess of fat by a pipette until the fat is exactly 
3 c.c. at 50“ C. ; thou 3 c.c. of glacial acetic acid, specific gravity 1*0565, are 
introduced, the acid being measured at 22“ ('. ; the contents are warmed 
for a few minutes, the tulie corked and well shaken. The tube is then 
placed in the water at 50“ C., and the volume of undissolvod acetic acid read 
off. Nine samples of butter averaged 03*33 per cent, of acetic acid 
dissolved; margarines vary from 27 to 32 per cent. It is obvious that the 
turbidity test, and the amount of acetic acid dissolved can be done on 
the same sample at the same time. 

M. Crismer^ has proposed a turbidity method under the name of “t)ie 
critical temperature of dissolution,” which differs from the Valcnta test, 
but is probably equal to it in value. About half a c.o, of the fdtered fat is 
introduced into a tube of small diameter; to this is added about 0*75 c.c. 
of alcohol ; the tube is hermetically sealed and attached by means of a 
platinum wire to the bulb of a thermometer ; the bulb and tube are 
immersed in a small sulphuric acid l)ath, and the temperature slowly 
raised until the meniscus separating the two layers becomes a horizontal 
plane. At this point the thermometer and tube are withdrawn from the 
bath, and the two liquids mixed together by shaking the tube with the 
thermometer ; they are then again placed in the bath and the temperature 
allowed to fall, the thermometer with attached tube being shaken all the 
time. The moment in which there is a marked turbidity is noted, and this 
is considered the temperature of dissolution. Fourteen genuine butters 
gave from 98“ to 102“ C. ; mean 100“ C. Margarines varied from 122“ to 
126“ C. 

As margarine, as a rule, contains certain vegetable oils, valuable infor- 
mation may often be obtained by applying to the filtered butter-fat the 
following tests : — 

(1) Batulouin*8 Testy fully described in article on olive oil (post.). 

The butter-fat should be shaken several times with hydrochloric acid to 
purify it, and only *1 c.c. of a 1 per cent, alcoholic solution of furfural- 
dehydo used. Commercial furfuraldehydo should be distilled under 
reduced pressure before using. The reaction should take place at once. 

H. Weigmann® experimented with cows to which sesame cake was given 
in increasing quantities up to 3 kilos per day, but could obtain no reaction 
for sesam^ oil in the butter. C. Annato^ made some similar experiments ; 
he, however, got what he considered a sesam^ reaction ; his results have been 

* Ciyrps gras industricls, 1892, xix., 4. 

» Mikhaeit, 1898, 629* * 0km. Centr.y 1901, ii., 
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contested by other chemists, and there can be no doubt that butters which 
give a sesame reaction arc almost certain to contain margarine. 

(2) BeccMs Test for cotton seed oil. Article on ‘olive oil’ {‘post). 

The results obtained by this test must he accepted with reserve, as butter 

made from the milk of cows fed on cotton seed cake may give a distinct 
reaction for cotton seed oil. 

(3) Wellma'a^s Test for vegetable oils (p. 315) may also be applied. 

§ 206. (/>.) Tl\^ Melting-Point — ^Various methods have been proposed 
for the determination of the melting-points of fats. Ilie one used by most 
analysts is to take the melting-point in a fine tube. A piece of quill-tubing 
is drawn out, so as to make a tube about the diameter of a knitting needle, 
and from 2 to 3 inches in length. The fat is now drawn up to the extent 
of about an inch, and permitted to solidify. The tube tlius charged is 
placed in some cold water in a small beaker, which is ‘ nested ’ in a second 
beaker, a little watef being between the two, the inner beaker carrying 
also a thermometer. Heat is now applied, and the moment the fat runs up 
the tube the temperature is noted. A modification of this process ^ is to 
take a short capillary tube, blow a bulb on it, and while the bulb is still 
hot, plunge the open end into the melted fat; let it run up a short distance, 
and then solidify the fat by the apjdication of cold. To take an observation, 
the tubes are placed in water, so that the bulb is uppermost ; on melting, 
the fat runs up into the semi-vacuous bulb, and this rise is somewhat more 
edsily observed than in the simpler process. 

Another method is the employment of a little bulb weighted with 
mercury, so as to weigh from 3 to 4 grms. ; the bulb rests on the surface of 
the fat in ft test-tube, which is immersed in a beaker of water provided with 
a thermometer, and tiie moment the bulb sinks is noted. A modification of 
this is the employment of a light float sunk to the bottom of the fat, and 
reUiiued there until it is solid ; on now applying heat, the float rises at a 
certain temperature, which is taken as the melting-point, ^'hese processes 
are not entirely satisfactory, and different observers obtain results which 
do not agree well. Reinhardt ^ takes the melting-point of fats as follows : — 
The fat is drawn up when melted into a fine 
tube, hy immersed in a beaker of water, c ; the 
tube, hy is attached as shown in the diagram 
(fig. 35) to a simple form of pressure apparatus, 
consisting of a stoppered cylinder, gf, the 
caoutchouc stopper of which carries a graduated 
thistle-head funnel, /, and is connected with the 
tube carjying the fat by the short right-angled 
tube, a ; it is, therefore, possible to put a water 
pressure on the fat by filling up the gnaduated 
stem of the funnel to any desired hcigiit. To 
make comparative observations, the tube, 5, 
must be each time filled to the same height, 
and immersed the same depth in the water ; the 
pressure must also be the same. Heat should be applied very gradually, 
and the thermometer, f, graduated so as to allow of fifths being read. The 
cud of the observation is when the first bubble of fat is forced out and rises 
to the surface of the water. 

Disc Method of taking Melting-Points. — k method of taking melting- 

I 0. Kellner, ZeUschriftfUr wml. Chemiey xx., 1. 

• Eepeti. ami Chem.y 1886. T 
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points, adopted by the American Association of Official Agricultural Chemists 
at their meeting in Chicago, 1893, is thus described : ^ — 

The apparatus for determining the melting-point consists of ( 1 ) an 
accurate thermometer for reading easily tenths of a degree ; ( 2 ) a catheto- 
moter for reading the thermometer (this may be done with an eye-glass if 
held steadily and properly adjusted ; (3) a thermometer; (4) a tall beaker- 
glass 35 cm. high and 10 cm. in diameter; (5) a test tube 30 cm. long and 
3*5 cm. in diameter; ( 6 ) a stand for supporting the apparatus; (7) some 
method of stirring the water in the beaker ; for examjde, a blowing bulb 
of rubber, and a bent glass tube extending to near the bottom of the 
beaker ; ( 8 ) a mixture of alcohol and water of the same sj)ecific gravity as 
the fat to be examined. 

The discs of the fat are prepared as follows : — The melted and filtered 
fat is allowed to fall from a dropping tube from a height of 15 to 20 cm. 
on a smooth piece of ice floating in water. I’he discs tlms formed are from 
1 to 1*6 cm. in diameter and weigh about 200 mgrms. By pressing the ice 
under the water the discs are made to float on the surface, whence they 
are easily removed with a steel spatula, which should be cooled in the ice 
water before using. 

The mixture of alcohol and water is prepared by boiling, in two separate 
vessels, distilled water and 95 per cent, alcohol for ten minutes to remove 
the gases which they may hold in solution. While still hot the water is 
poured into the test-tube already described until it is nearly half full. 
The test-tube is then nearly tilled with the hot alcohol. It should be 
poured in gently down tlie side of the inclined tube to avoid too much 
mixing. If the tube is not filled until the water has cooled, the niixture will 
contain so many air bubbles as to be unfit for use. Those bubbles will 
gsther on the disc of fat as the temperature rises and finally force it to the 
top. 

The test-tube containing the alcohol and water is placed in a tall beaker 
containing water and ice until cold. The disc of fat is then dropped into 
the tube from the spatula, and at once sinks until it reaches a part of the 
tube where the density of the alcohol- water is exactly equivalent to its 
own. Here it remains at rest and free from the action of any force save 
that inherent in its own molecules. 

The delicate thermometer is placed in the test-tube, and lowered until 
the bulb is just above the disc. In order to secure an even temperature 
in ^11 parts of the alcohol mixture in the vicinity of the disc, the thermo- 
meter is moved from time to time in a circularly pendulous manner. 

The disc having been placed in position, the water in the beaker-glass is 
slowly heated, and kept constantly stirred by means of the blowing apparatus 
already described. 

When tlio temperature of the alcohol-water mixture rises to about 6 “ C. 
below the melting-point, the disc of fat begins to shrivel, and gradually 
rolls up into an irregular mass. 

The thermometer is now lowered until the fat particle is oven with the 
centre of the bulb. The bulb of the thennometer should be small, so as to 
indicate only the temperature of the mixture near the fat. A gentle 
rotatory movement should be given to the thermometer bulb. The rise 
of temperature should be so regulated that the last two degrees of increment 
require about ten minutes. The mass of fat gradually approaches the 
form of a sphere, and when it is sensibly so, the reading of the tliermo- 
fOhm. Nem, June 22, 18H 
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meter is to be made. As soon as the temperature is taken, the tesh-tube 
is romoyod from the bath and placed again in the cooler. A second tube, 
containing alcohol and water, is at once placed in the bath. The test-tube 
(ice water having been used as the cooler) is of low enough temperature to 
cool the bath sufhciently. After the first determination, which should be 
only a trial, the toinporaturc of the bath should be so regulated as to 
reach a maximum of about T'S C. above the melting-point of the fat under 
examination. 

Ihe distilled water for floating the piece of ice on which the discs are 
made should be rocjontly boiled, to free it of all air i)articlcs. 

The edge of the discs should not be allowed to touch the sides of the 
tube. This accident rarely hapjiens, but in case it should take place, and 
the disc adhere to the sides of the tube, a new' trial should be made. 

1 riplicate determinations should be made, and the second and third 
results should show ff near agreement. “ 

Melting-point of sample of butter : — 

First trial, 33' -15 

Second trial, 33“*05 C. 

Thiid trial, 33“-00 C. 


The following melting-points are taken by the old methods, and are 
somewhat high, but are given as the values usu.ally accepted 


Margarine, 


3r*3 c. 

Cocoa butter, . 


. . . 34“'9C. 

Jiuttci' (average), , 


36“ *8 0. 

Beef-dripping, 


43“-8 0. 

Vral-dripping, 

• f 

47“ 7 0. 

Mixed, . 

1 • 

42“ *6 0. 

Lard, from 

> 

42“ to 45“ C. 

Ox-fat, from about . 


48" *10 58“*0 0. 

Mutton -fat, from 


r>0“to61“-6C. 

Tallow,, . 


... 53 *3 C. 


It hence follows that a low melting-point indicates the probable presence 
of margarine, especially that which is partly manufactured from a concrete 
oil, obtained from the seeds of Gardnia hidica^ and is known under the 
name of Mangostcen oil, or kokum butter. A higher melting-point 
indicates, as a probable adulterant, dripping, lard, or other animal fat. 

The Titer Ted. — A melting-point method, which gives useful results, is 
the * freezing ’ point of the fatty acids ; unfortunately it requires consider- 
able material. At least 60 gnus, of the butter-fat are saponified, the fatty 
acids separated and allowed to solidify ; the acids are melted and poured 
into a test-tube 1 6 cm. long mid 3’5 cm. wide, filling the tube half full. The 
tube is put into the neck of a suitable fl'isk, and a Beckman’s ^ thermometer 
inserted ; when the mass begins to clou^ the thermometer is given a 
rotatory movement, and the mercury watched. At first it falls regularly, 
then st( ps, and gradually rises one or more tjnths of a degree, to again 
stop, and then fall as before. The last stationary point is called the * titer * 
or solidifying point. 

It is advisable in all the above p-ocesses to allow the melted butter or 
fatty acids, as the case may be, to ‘ set ’ a definite time previous to the 

^ Since Beckman’s thermometer only contains five degrees divided into tenths, it 
requires adjusting to within two degrees of the probable melting-point, and should not bo 
inserted until the fat is about that temperature. 
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ioterminatioD. Tlie same fat melted and oooJod will give two or more 
melting-points, if snoh melting-points are determined at different intervals 
of time, it is best then, in all cases, to pro|jaro the fats one day and 
determine the molting points on the following clay. 

§ 207 (o) Application of the Refrartometet' to the Testing of Butter fat, — J. 
Skalweit^ has made some determinations of the angle of refraction of 
various fats, and believes there is a sufficient difference between the angle 
of margarine and pure butter to enable substitutions and adulterations to 
bo detected; he uses an Abbo*s refractometer. The fat, kept for some 
time at 20“ C., is spread out on a watch-glass, and covei’ed by a piece of 
Swedish filtcr-])aper ; the fat is absorbed by the paper, and a clear grease 
spot forms in the centre. The grease spot is ai)plied to the edge of the 
Nicol prism to which it readily adheres ; the appanitus is closed, and the 
angle estimated at 20“ C. The follow ing results are given : — 


Watflr, .... 
Olein, from comraeroial 
oleic acid, . 

Oleic acid, at 17“, . 

Do. at 20”, . 
Genuine butter, 

Do. 


C(»coa butter, . 

Laid, 

Margarine, 1st quality, 
Do., 2iid 


3rd 

OU, 


Do., 

Do., 

Do., 

Do., 

Do., 

Do., 

Do. , 

Refined cotton-sced oil, 
Cnide ,, „ 

Cod-liver oil, . 

Linseed oil, 


1*333 


1 *4635 

1*4638 

1*4639 

1*4652 

1*4658 

1*4680 

1*4690 

1*4692 

1*4720 

1*4796 

1 *4680 

1*47121 

1*4693 

1*4698 ■ 

1*4698 

1*4783 

1*4748 

1*4732 

1*4801 

1*4835 


Hanoverian manufacture. 
English make. 


The authoi’s have made a number of determinations of angles of 
efraction by Abbe’s instrument. The apparatus was enclosed in a copper 
ir-bath, open at the top, but provided elsewhere wdth double walls, between 
which were placed glycerin and water; the boxing was completed by a 
cover of caoutchouc, in which a slit was cut to allow of the eyepiece 
protruding through ; a small window in the copper box admitted light to 
the mirror. By carefully boating this cojiper bath, the whole instrument 
could be maintained at any desired temper aturo. 

It is neither advisable nor neceasary to place the drops of fat on filter- 
paper, it is best to examine a thin film between the prisms themselves, the 
edge of the shadow is then sharply defined. By means of the long arm, 
called by the inventor the ‘ alhidade,* the shadow is adjusted so that its 
border is exactly coincident with tho cross lines, and the field is made 
colourless by working a milled head which regulates and measures the 
dispersion. These operations the authors perform in the copper air-bath 
itself, and if after 15 minutes’ interval at any desired temperature there is 
no further change in the refraction, the instrument is removed and the 


1 Abbe’s refractometer is fully described in ** Neue Apparato zur Bestimmung des 
Brechungs- u. Zerstreuimgs-venniigeiis fester u. flttssiger Kbri)er.” Von E. Abbe; 
Jena, 1874. A more modern a#l better instrument is that of Zeiss, described at page 286. 
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index read. To ensure accuracy a second observation is desirable, and the 
mean of the two taken. 

The best temperature for observation the authors conclude to be the 
same one at which the specific gravity is taken, viz., 38 “ C. At that 
temperature the most uniform results were obtained, and this temperature 
gives the necessary data for the calculation of what Dr. Gladstone has 
termed fh^ specific refractive energy, Le., the angle of refraction, minus 
unity, divided by the density. 

In the following tables the angle of refraction, the specific refractive 
snergy, and various other data are given as determined from genuine and 
idultcrated butter-fats. 


TABTiK XXI. — The Anolr of Refraction, Stecifio Refraction, Mkltino- 
PoiNT, Specific Okavity, and the Rf.sults of the Reichert and 
KoEirsTORFEit Tests as Repre8f.ntkd in 33 Genuine Butters, 

• 


AnRlo of 
licfraction 
al 38°. 

Specific 
Kefructioii 
(i.c., Aii^lc uf 
Kefraction,-! 
divided by 
density). 

Specific 
Uravity, at 
88“. 

Melting- 

Point. 

c.c.'b of d. n. 
Alkali used in 
Uelchert’s 
TeBt.i 

Koettstorfcr’s 

'l’e»t, 

Mgmis. of 
KHO used. 

1 -4543 

*49838 

•91168 

31*6 

14-4 

226*0 

1*4.‘565 

-500.-17 

•91233 

31-2 

14-9 

229-0 

1 ‘4570 

-.501 4 5 

•91138 

30-3 

13-9 

223*6 

' 1 -4556 

•51094 

•91246 

32-0 

15-3 

2-24 -1 

l’4r>70 

-50147 

•91134 

31-6 

14*3 

224-1 

1-4575 

-50155 

•91217 

81-4 

13-6 

221-2 

vmi 

*50088 

•91079 

31-6 

14-1 

220-6 

1 -4558 

-49969 

•91217 

30*7 

U-0 

223*7 

1-4675 

•50174 

-91086 

83-6 

18-9 

221-2 

1 ‘4505 

-.50018 

•91266 

35-0 

16 *3 

224-4 

1-4565 

•60004 

•91298 

33-0 

14 

222*9 

1-4,560 

-49944 

•91310 

32*0 

16-0 

234-0 

1-4570 

•50051 

•91290 

32-8 

15*2 

231-4 

1-4575 

•60068 

•91378 

33-0 

15-7 

234*4 

1-4.570 

•60097 

•91225 

33*5 

13-8 

233-3 

1-45,55 

•61071 

•91266 

33-5 

16*6 

229*6 

1 -4566 

-4996-2 

•91369 

34*5 

16-6 

234-9 

1-4555 

•49918 

•91251 

30-5 

16-0 

227*6 

1-4555 

•49887 

•91307 

3.5-0 

16-0 

233-3 

1-4.555 

•49900 

•91*791 

85-0 

14-9 

227*2 

1-4.566 

•49937 

•91256 

33-5 

16-4 

229-6 

1-4555 

•49890 

•91303 

35-0 

16-0 

231-5 

1-4566 

•49987 

•91124 

35-0 

14*4 

2-23 -1 

1-4.556 

•49910 

•91264 

31*0 

15-8 

282-9 

1-4560 

•49987 

•91222 

34-8 

15-8 

234-2 

1-4568 

-57286 

•91236 

32-6 

16*1 

234-4 

1-4.560 

•49570 

•91276 1 

82-6 

16-6 

236*2 

1-4660 

•60023 

•91166 1 

38-0 

18-6 

233-8 

1*4562 

•50066 

•91188 

33-4 

13-3 

226-7 

1-4.566 

•50012 

•91277 

32-0 

16 ’0 

231-9 

1*4560 

•51140 

•91286 

81-5 

15-4 

282-1 

1-4570 

•61270 

•91214 

33-3 

15*0 

230-9 

1-4656 

•61061 

•91285 

33-2 

... 

233-7 

Max. 1*4576 

•61270 * 

•91378 

35‘0 

16*0 

232-9 

Min. 1-4643 

*49887 

•91079 

30'6 

13‘3 

220-6 

Mean 1*4562 

‘60212 

•91234 

32*8 

148 

2320 


1 To convert these numbers into approximste Reicliert-Wollny values they must be 
multiplied by 2. 
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Examples op Low-class and Adultebated Butteks. 


Anglo of 
Befractioii 
at SB* 0. 

.S|>eciflo 

Bofractioii. 

Specific 
Gravity, at 

88“ C. 

Mdting- 

l*uiut. 

c.c.’sofd.n. 
Alkali used in 
Eeichort'it 
Teat. 

Koettstorfer'B 

Test. 

MgrniB. of 
E.UO used. 

n*4.fi77 

*.50255 

•91073 

29‘’*8 C. 

12*0 

230*7 

n -4.^85 

•50422 

•90932 

29*0 

7*4 

213*9 

31*4580 

•60293 

•91066 

30 0 „ 

11*4 

226*8 

n*4624 

•51050 

•90578 

26-0 „ 

2*6 

199*4 

“1*4595 

•60550 

•9090*2 

26*6 „ 

7*7 

212*8 

«1 *4582 

•50343 

•91016 

27*0 „ 

9*7 

218-4 


The angle of refraction in milk-fat, as extracted hy ether, and genuine 
butters, varies from a maximum of 1*4575 to a uiinimurn of 1*4543 at 38** 0. ; 
the mean is 1*4562, and the average spocilic refractive energy is *502. 
The refractive angle of margarhic is always above 1*4620, generally 1*4639 
or 1*4640, at 38”. A mixture of 60 per cent, by weight of margarine 
(specific gravity *90578, melting-jDoint 25“ *5 C., refractive angle 1*4624) and 
50 per cent, of butter (specific gravity *91073, melting-point 29"*8 C., 
refractive angle 1*4577) gave an angle of, at 38" C., 1*4595, to which a 
genuine milk-fat may attain ; the same materials, mixed in the proportion 
of 25 })er cent, of margarine and 75 per cent, of butter, gave 1*4582 as the 
angle at 38** 0. 

Hence it is certain that to the analyst the refractometer has 8om(y 
utility, although it will not assist much in the case of moderate rmixtures ^ 
but what may be said is that a butter at 38" C., liaving an angle at or below 
1*4570, is almost certain to be genuine, but above that angle is probably 
adulterated. 

§ 207a. Zeisfs* Butijro-refractometer. — This is an instrument which is now 
largely used for the rapid examination of butter, margarine, lard, and other 
fats. It is constructed upon the same principle as Abbe’s refractometer ; 
the prisms are, however, provided with a jacket through which water is 
passed, the temperature being indicated by a thermometer. (See fig. 36a.) 
To make a reading tlie prisms are opened, drop of the filtered fat is 
placed on the surface of the lower prism. The prisms are closed, and a 
veadiiig taken either by onliuary light or better by the sodium light. The 
temperature is read off, and the reading corrected to any desired temperar 
ture, by adding or subtracting *55 scale degrecjs for every 1" C. Thus, if 
the scale reading at 35" C. be 47", and it is required to know the scale 
reading at 40" C., *55 x 5 must bo subtracted from the reading at 36" C., 
or if the reading at 45" C. be 41, the reading at 40° C. will be 41 -H *65 x 6, 
or 43*76 scale divisions. 

Genuine butters give, as a rule, readings under 44" at 40" C., with an 
average reading of about 43" ; should higher values than these be obtained 
foreign fat may be present ; should a low value bo found cocoa-nut oil may 
be present. Margarine has at 40" C. a value of about 4 9", and cocoa-nut 
oil about 38". 

* A low-class butter. 

* An adulterated butter, for which vendor was prosecuted and fined, 

^ A low' class butter, probably adulterated. * Margarine. 

® 60 per cent, margarine, No. 4, and 60 per cent of low-class butter, No. 1. 

* 26 per cent, margarint, No. 4, and 76 per cent, of low-class butter, No. 1. 
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The following table by A. L. Win ton and A, W. Ogden gives the 
relationship between the Zeiss reading and the refractive index: — 


UEFRACI’IVEI INDK’KS CoilRBSPONDINCi TO KkADINOS OP THE 

Zeiss Butyro-Repuactom etek. 


Beading. 

Refractive 

Index. 

Beading. 

Befractive 

Index. 

Beading. 

Bofi'actlve 

Index. 

40*0 

1-4624 

53-6 

1-4616 

67-0 

1-4704 

40-.'> 

1-4527 

54-0 

1*4619 

67-6 

1-4707 

41-0 

1-4.631 

64-5 

1-4623 

68-0 

1-4710 

41 Ti 

1-4.634 

6.6-0 

1 *4626 

68-5 

1-4718 

42-0 

1-4638 

55-5 

1-46-29 

69 0 

1*4717 

42*,^» 

1-4541 

56-0 

1-4633 

69 -.6 

1-4720 

48 0 

1-4545 

66-6 

1-4636 

70-0 

1-4723 

43 ■& 

1-1648 

67 0 

1-4639 

70-5 

1-4726 

44 0 

1-4.652 

67-5 

1-4642 

71-0 

1-4729 

44-5 

1-4.655 

58-0 

1-4646 

71-5 

1-4732 

45*0 

1 -45.68 

68-5 

1-4649 

72-0 

1-4735 

45-5 

1-4562 

69-0 

1-4652 

72-5 

1-4788 

46-0 

l-45<)5 

69-5 

1-4656 

73-0 

1-4741 

46 -.5 

1-4569 

60-0 

1-4659 

73-6 

1*4744 

47'0 

1-4572 

6(»-f> 

1-4662 

74-0 

1-4747 

47 -f. 

1-4.676 

! 61-0 

1-466.6 

! 74-6 

1-4760 

48-0 

1-4.679 

61-6 

1-4669 

76-0 

1-4763 

48-5 

1-4683 

620 

1-4672 

75*5 

1*4756 

49*0 

1 4586 

62-6 

1-4676 

76-0 

1*4759 

49*5 

1-4590 

63-0 

1-4678 

76-6 

1-4762 

50 -0 

1-4.693 

63-6 1 

1-4681 

77-0 

1-4765 

60*5 

1-4596 

64-0 

1-4685 

77-6 

1-4768 

.Ol’O 

1-4600 

64-5 

1-4688 

78-0 

1-4771 

61 '6 

1-4603 

6,6-0 

1-4691 

78-6 

1 1-4774 

62-0 

1-4606 

65-6 

1-4694 

7y-p 

1-4777 

62-6 

1-4609 

66-0 

1-4697 

79 -S 

1-4780 

63 0 

1-4613 

66-6 

1-4700 




§ 207k The Oleo-Refradonveter of MM. Amagat ami This is a 

more convenient and better instrument for observations on fats than 
ordinary refractometers, the ditFerences between butters and margarines 
being greater. The centre of this instniment (fig. 36) consists of a circular 
reservoir made of metal, B B, ch»sid by two plates of glass in front of two 
lenses, E and E', the oue lens belonging to the collimator tube, S, and the 
other to the telescope tube, S'. In the middle of this reservoir is placed a 
receptacle in the shape of a prism, its glass sides having an angle of 107^ 
In front of the field glass of the telescope is a photographic scale, H 
(shown enlarged at K), and there is fui adjustable shutter placed vertically, 
so arranged as to divide the luminous field into two parts, the one bright, 
the other in shadow. The readings of the apparatus are made from the 
edge of the shadow. If in both reservoirs is nlaced the same liquid at the 
same temperature, then the shadow occupies the zero of the scaiO ; but if a 
different liquid be placed in the inner prism, there will be, according to its 
nature, a deviation eithbr to the right or left, the amount of the deviation 
being appreciated by the numbers on the scale. The makers supply a 
typical oil having no refraction, by means of which the instrument is set ; 

1 Ladan Bockair; in Oh. Girard and A. Dupre’s Amlyse dee Mali^ea AlimetUairtlii 
Faria, 1894 ; also Muter in Analyst, May 1890. 
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this oil is put in both receptacles, the temperature adjusted to 22“ C., and 
the shutter moved so as to mark zero. The oil is now run out of the 



Fio. 35a. 


prism, and replaced by the oil to be tested. Solid fats, such as butter or 
lard, are tested at a temperature of 45“ C. In all oases the oil or butter 



Fio, 86. — ^Amagat and Jean^s 01eo*Ilefractoiner. 


is to be freed from free fatty acids. The butter is melted, and filtered, 
shaken up with a little poN’^lcred gypsum, the gypsum is allowed to settle, 
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and the fat is then filtered again, and poured into the prism. The fat 
should never be heated above 50* C. The rule is that vegetable oils and 
fats rotate to the right, animal oils and fats to the left. Thus — 


Olive oil, 

. -1- l*.5to 2 

Neatsfoot oil, . 

. - 3 

Colza ,, 

. -l-16*5tol7*5 

Horsefoot ,, 

. -12 

Ground nut oil, . 

. + 4*6 

Lard, 

. -12*5 

Sesame oil, . 

. -1-17 

Beef tallow, 

. -16 

Cotton „ 

. +*i0 

Mutton, „ 

. -20 

Linseed,, 

. +53 

Butter-fat, | 

-•>6 to-34 

Castor „ . 

. +40 

average about -30 

Hempseed oil, 

. +88 

Marirarine, 

. -16 

F«Pl»y 

. +30 

Cocoa-nut oil deviates to the left like 

Almond 

Jajionica , , 

. + 6 
. +50 

au animal fat ; 

it deviates some 59“. 


§ 208. (^.) Specific (havUy , — One mebhed of obtaining the specific gravity 
of butter-kt is to fill a counterpoised specific gravity bottle, provided with 
a thermometer stopper, of 50 to 100 grins, capacity, with water of 35“ C. 
(95“ Fahr.), and immerse it in a beaker of water of about 43“ C. (109“-4 
Fahr.). By thus heating the specific gravity bottle by a liquid which is 
falling in temperature, the water in it can be brought exactly to 37“’7 C. 
(100“ Fahr.), at which temperature the bottle is taken out, slightly cooled 
a»d weighed ; ami in this manner the weight of that particular bulk of 
water at 37“‘7 C. (100“ Falir.) is obtained, and this value used for the subse- 
" ' quent operations. To take the specific gravity of the fat, the pure filtered 
fat, at 35“ C. (9 5“ Fahr.), is poured into the clean dry bottle, and the exact 
process just detailed followed. Latterly many chemists have preferred to 
take the specific gravity at 100“ C. Butter, as compared with water at 
15“ C., has a specific gravity at 100“ 0. from 0'865 to 0*^685 ; margarine 
0-859 to 0’863. 

Skalweit has found that the greatest difference in specific gravity is to be 
found at the temperature of 35“ C., and therefore recommends the specific 
gravity to be taken at that temperature; thus, butter-fat at 100“ C. had a 
specific gravity of 0*8672, margarine 0*8598 — a difference of *0074; but at 
35“ C. the butter specific gravity was 0*9121, the butterine 0*9019 — a 
difierence of *0102. Specific gravity at 100“ C. may be taken either in a 
specific gravity bottle or by moans of a Westphal’s balance, but best of 
all by a Sprengel tube. In a former editioJi of this work Mr. Wigner's 
proposr^ use specific gravity bubbles was mentioned ; in buttei*s of 
0*911 Sp -lc gravity (at 38“ C.) a bead of specific gravity 0*889 slowly 
sinks at 63“ C. ; but the process is not sufficiently accurate to have found 
favour among analysts. 

The specific gravity, as first pointed out by Mr. Bell, of Somerset 
House, has a direct relation or correspondence to the percentage of insoluble 
acids, a fact, it must be remembered, only applicable to pure unadulterated 
butter-fat. Thus — 


HpeolfloOravity 
at87*-7 C. 
(KXr F.). 
*U138’2 
*91846 
•91887 
*91290 


Actual Insoluble 
Acids Found. 
Per cent. 
87*47 
87*89 
87*98 
88*48 


Sneoifio Gravity 
at37’-7 C. 
(KW F.). 
‘91286 
*91276 
*91268 
*91246 


^ Muter, Analyst, i., p. 7, lo77. 


Actual Insoluble 
A<’ld8 Found, 
Per cent. 
88*62 
88*62 
88*80 
. 89 00» 
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Tlic fats user! for the adulteration of butter are of low density. Vege- 
table butterine has a specific gravity ’90294, dripping *90659, so that a 
low specific gravity at 37’7‘' C.— that is, anything below *91101 ^—is strongly 
indicative of foreign fat. 

§ 209. (c.) liie Viscometry of Butter. — Killing® has described an 
apparatus for taking the viscometry of butter; it essentially consists of a 
50 C.C. ])ipette, provided with a thermometer within the pipette, and a glass 
cylinder which acts as a jacket to the pipette and enables the contents to 
1)0 maintained at a suitable temperature. The cylinder is also provided 
with a thermometer. The buttcr-fat, properly clarified, melted, and brought 
to a temperature of 40" *5 C., is sucked up into the pipette above the mark, 
then water at 42“ C. is poured into the outer jacket, and the butter-fat, when 
both thermometers stand at 40“ C., run down to the mark, so as to measure 
exactly 50 c.c. ; then the tap of the pipette (which is at the top, not at thc^‘ 
bottom) is opened wide, and the time accurately noted which the butter 
takes to run into a beaker to a mark below the body of the pipette ; this 
is compared with the same quantity of water at 20“ C. nin in the same 
manner from the same cylinder, water being taken as 100; thus, if a 
butter-fat took 222 seconds and water 80*33 seconds, the calculation is — 

Various margarines gave a mean time of 4 minutes 12*77 seconds,, 
equal to a viscosity^umber of 314*7; various butters, a mean time of 3 
minutes 43*76 seconds; mixtures gave proportionate numbers. Lard and 
beef-fat both took a longer time than margarine. By carefully standardis- 
ing a particular pipette for water, for margarine, and for pure butter, this 
process may give useful results. 

K. Brulle® distinguishes butter from margarine by treating 5 c.c. of 
the clarified fat at 130" C. with a little pumice-stone and 8 drops of fuming 
nitric acid, the whole mixed and heated for twelve minutes ; it is then 
cooled to 21" C., and, after one hour, tested in an *oleo-grammeter,’ which 
consists of a rod gliding on a bearing, and surmounted by a little table on 
which weights can be placed. On an average, 250 grms. are required for 
pure butter, and 5000 grms. for margarine, mixtures giving intermediate 
figures. Should this process be used, each analyst had better obtain his 
jmi standiiiYl. 

^ § 210. (^f.) The Add Value. — The acid value of a fat is the number of 
milligtamnics of potassium hydrate required to saturate the free fatty acids 
in 1 grm. of the fat. This becomes of importance in the examination of 
rancid butters, but in butters which are not raucid it is seldom estimated. 

A weighed (piantity of the melted, filtered, clear butter-fat is heated on the 
water-bath with a mixture of 2 parts of ether and 1 of alcohol, until a 
perfect solution is obtained; phenol -phthalein is added, and then the 
solution is exactly neutralised by decinormal alkali Thus, 10 grms, of 
butter-fat, dissolved as above, required for neutralisation 3 c.c. of decinormal 
potash ; since each c.o. of d. n. potash is equal to 5*61 mgrms. of KOH, it 
follows that the 3 c.c. are equal to 16‘83 mgrms. of KOH.; tlierefore, as 1^, 
grms. were taken, the acid value is one-tenth of this— namely, 1 *683 mgrms. 

^ With the exception of ooooa-nnt, cotton seed, araohis, and oils, 

® 2eU,f. angewandU CKmU, 1^94 and 1895. 

^ . * Oomj^ RmiuSt 1893, oxvi., 1255, 
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§ 211. (gr.) Direct Titration of Butter hy Alcoholic Potash . — This 
elegant tefit was first suggested by Dr. Koettstorfer, and is a general 
method more or less applicable to all fats, but especially suited to butter- 
fat, for most other fats contain only the higher fatty acids ; as the lower 
acids have a smaller molecular weight, butter must contain more molecules 
of acid than equal weights of another fat— in other words, requires more 
potash for saponifi.cation. Koettstorfer used semi-normal hydrochloric acid 
and an alcoholic solution of potash, this alkaline solution being about the 
same strength as the acid ; ^ the indicator was a dilute alcoholic solution 
of phenol-phthalein. From 1 to 2 grms. of the purified filtered fat are 
weighed in a tall beaker of about 70 c.c. capacity, 25 c.c. of the potash 

solution are added, and heated on a water-batli.^ When the alcohol is 

nearly boiling, the mixture is stirred with a glass rod till all the fat is 
dissolved, which d^s not take more than a minute. The glass rod is 
washed with a little alcohol, and the beaker covered with a watch-glass, 
and heated further for fifteen minutes, in such a manner that the alcohol 
does not boil too violently. At the end of the quarter of an hour, the > - 

watch-glass is washed with spirit, and the alcoholic solution is stirred for ' ! 

one minute longer with the glass rod before used, so as to saponify any fat 
that may still adhere to it. The solution is now taken from the water- 
^th ; 1 c.c. of an alcoholic solution of phenol-phthalein added, and it is 
titrated back with semi-normal hydrochloric acid. The exact point is very 
siarply indicated by the phonol-jihthalcin changing from a crimson to a 
^yellow. (This reagent is very sensitive to COg ; it is therefore bettor to 
f. use a flask than an open beaker.) Thirteen butters treated in this way 
by Dr. K.oettstorfer used for every grm. of fat from 221*5 to 232*4 mgrms. 
of KHO. Thirty-three genuine butters examined in one of the authors’ 
laboratory gave as a maximum 232*9 mgrms., as a minimum 220*6 mgrms. ' * 
KHO (see Table at p. 285). * 

On the other hand, there is a wide difference between this amount and ^ 
that required by other fats, the following being about the saturation , 
capacity in mgrms. of potash for 1 grm. of various fats ; — 


Oleo-margarine, . 

Potash KHO. 
Milligraiumus. 
19.^. *6 

Beef-dripping, 

196*5 

Tallow 

196*8 

Lard from kidneys, 

195*8 

Laid from tuiHiHoked bacon, . 

196*7 

Commercial lard, . 

19.5 0 

Dripping, . 

197*0 


Or if the suggestion of Mr. Allen * be R<Joepted, and the results be translated 
into equivalents of the fat by dividing 56*1 by the grm& of {jptash, the 
results are as follows — 


Oleo-margarine, 

286*5 

Beef-dripping, .... 

^j^?^allow, 

i'ird from kidneys, ... 

285*5 

286*1 

286*6 

Lard from unamoked bacon, . 

286*7 

Commercial laid, . . . . . 

287*1 

Mutton dripping, 

284*8 


* The relation of the acid to the alkali must be very carefully detenninod by several 
blank experiments. ^ ^ 

A and inverted condenser may be used while the sa|K)nmoation is proceeding. . 
» 1879, .162. ' 
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The chief convenience in expressing the number in equivalents is, that 
it then becomes a matter of indilfcrence wli ether potash or soda ^ is used 
for the saponification. Tlie practical question in the use of this test is : 
what is the lowest limit above which a butter may be psissed as genuine, 
but below which it will be necessary to examine the butter by other 
means 'I The general opinion of analysts as to this point is, that butter- 
fat, 1 grm. of which uses loss than 226 mgrms. of KHO (equivalents 
248'2), is probably adulterated. The formula for calculating the amount 
of admixture which has been proposed is 

(227-70 X 3-17=:.#;, 

X being the percentage of admixed fat, n the number of mgrms. of potash 
used. 

§ 212. (/i.) The D&umiposition of the Fat into' Fatty Acldi> and 
Olycerin. — This is effected by saponifying wdth an alcoholic solution of 
potash, decomposing the soap with sulphuric acid, washing the subsequent 
fatty acids with water, titrating the soluble, and weighing the insoluble 
acids. The details of the process have been so simiilificd by successive 
improvements, tliat what was formerly a tedious and even difficult opera- 
tion is now moderately speedy and simple. The solutions requisite are as 
follows : — 2 

(1.) Approximately semi-normal alcoholic potash solution, 28 grms.'. 
roughly weighed, of KUO, dissolved to a litre with alcohol (specific gravit}^ 
•840). 

(2.) Approximately semi-normal sulphuric acid — t.e., 25 grm^i. of the 
strong acid to the litre.^ 

(3.) Boci-normal soda solution of exact strength, most conveniently 
made by dissolving metallic sodium in water, in the exact proportion of 
2 ’3 grms. to the litre. [1 o.c. equals *0088 of butyric acid.] 

It is necessary to know' with the greatest exactitude the relationship 
between the potash and the sulphuric acid solution ; the exact quantity of 
alcoholic potash that is to be us^ in the analysis is delivered from a 25 c.c, 
or 50 c.c. pipette, as the case may be, pheuol-phthalein solution added, and 
then titrated by the acid. It is also necessary to know the relationship 
between the d. n. soda and the sulphuric acid, which must be found in the 
usual way. 4 to 6 grms. of the pure dry fat are weighed by difference 
into a flask, and 50 c.c. of potash solution added ; the flask, closed by a 
glass marble, is now heated on the top of the water oven, and by occasion- 
ally giving it a rotatory motion, saponification is complete under the hour 
at the low temperature of 50° C. 

The senior author does not himself follow the above process, but uses the 
strong small assay flasks recommended by l)r. Dupr4. These flasks are of 
about 70 c.c. capacity, and with rather long narrow necks, the whole 
capable of bearing considerable pressure. 4 to 5 grms. of the fat are 
poured into such a flnslf^ 25 c.c. of potash solution added, well corked with 
a caoutchouc stopper, which must be secured by string and strong linen or 
canvas, and then the flask suspended in the boiling water of a water-bath. 

1 It is scsToely necessary to add that should soda be used, then 40, the equivalent of 
soda, must be divided by gnns. of the alkali used. 

* "Butter-Fat,” by 11. W. Jones, F.O.S. Analyst, May, 1877. 

* An accurate ^ solution o^Cl is now usually employed. 
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At the end of an hour or leas it may be taken out completely saponified.^ 
When cool the flask is opened, the soap gently melted and poured into a 
flask of about 600 c.c. capacity, having a long, rather narrow neck (see fig. 
37), which carries the tubes a and h — the tube a for the admission of air, 
the tube h furnished with a stopcock. In 
this flask the soap is decomposecl by adding 
about 1 c.c. more sulphuric acid than is 
necessary to neutralise the potash; if, for 
example, the latter is neutralised by 26 
c.c. of the sulphuric acid 26 c.c. are addtMl, 
and after this addition the fatty acids 
melted so as to form a layer on tlie surface 
of the acid water.*-^ At this point the whole 
may be diluted witl^warm w^atcr up to 200 
C.C. or 300 c.c., the cork carrying the tubes 
inverted, and the flask turned upside down, 
as represented in the figure. After standing 
a few hours the cake is more or less solid, 
and the lower stratum of liquid may be run 
off almost clear. It will, how’cver, always be 
safest to pass it through a filter. By adapt- 
ing an india-rubber tube to a, warm water 
njay be sucked up through and the fat 
^a^lied in the flask (perfectly closed by 
pinching^^ the india-rubber), and then the 
cake allowed to form as before. The fluid is now again nm off from 
the solid, and this time cold water may ho sucked up through a, and 
the whole process of alternations of hot and cold water repeated. Lastly, 
the cork with its tubes is removed, any adherent fat washed off with warm 
water into the flask, the latter adapted either to an upright Liebig's 
condenser and boiled, or connected in the usual way with a receiving flask 
adjusted by a cork tightly to the bent tube of the condenser, and furnished 
with a mercury valve, the w’hole forming a closed system. In the latter 
case, also, the heat is applied to boiling for five or ten minutes, and the 
distillate added to the filtrates; lastly, the cork with tubes is again 
connected, the flask inverted, the liquid whqn cool run off, and the fat 
finally washed with a little cold water and allowed to drain. 

The watery liquid contains sulphuric acid, glycerin, sulphate of potash, 
alcohol, butyric, and the other soluble fatty acids ; it will bo in bulk from 
600 to 700 c.c., and may be made up to any definite quantity. In any 
case, a portion of it — a quarter, a fifth, or even a tenth — must be taken 
and titrated with d. n. soda, which, when the quantity required to 
neutralise the 1 c.c. of sulphuric acid in excess is subtracted, indicates the 
amount of soluble acid, and is always returnedAj|. butyric, which is near 
enough to the truth. 

Instead of this method it may be useful to acid liquid until 

all the volatile acid wljich can be obtained hqfe® ' ^ and then titrate 
the distillate. It is also possible to separate tner ^ tty acids from 

such a solution by shaking up with ether in the tube figureu p. 223, the 
ether dissolving the acids freely. 

' The reason for preferring this method is, that less potash is required. 

* The American Association of Official Analysts recommend connecting the flask, 
while the acids are being melted, with a long upright naftww glass tube. 



Fig. 37. 
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The imoluhle faWj acid» remaining partly in the flask, with a trace on 
the filter, arc now united in a flat porcelain dish. This is done by melting 
the acids in the flask, pouring off, and extracting by alcohol and ether — 
the same solvent also dissolving the acids from the filter. On evaporation 
of the alcohol and ether, one or two large bubbles of water may be formed 
in the acids, and it is best to add a few drops of absolute alcohol. The 
dish is now placed on the top of the water-bath (the water in which should 
only boil gently), and weighed at short intervals ; if after twenty minutes 
only 1 or 2 mgrms. are lost, the weight is considered constant. See also 
Johnson’s method, p. 297. 

The following are a few examples of percentages of fatty acids found in 
genuine butters 



(1.) 

(2.) 

(3.) 

(4.) 

Soluhlft, . 

. 5-92 

5*76 

5*37 

4*77 

Insoluble, 

87*86 

88*10 

87 *6^ 

88*44 


93*78 

93-86 

93*06 

93-21 


It is generally accepted that 88 per cent of insoluble acids, if associated 
with 6-3 of soluble acids, is a fair standard of butter calculation, and that 
if a butter shows anything less than 89*5 insoluble, with 6 soluble, it may 
be passed as genuine. 

A few examples of adulterated butter-fat are as follows ; — 


Soluble, 

Insoluble, 

(1.) 

A Ciummercial 
Butter. 

. 1*98 

. 93*80 

(2.) 

A Comnioroial 
Butter, 

2*84 

98*82 

(8.) 

Margarine. 

•,68* 

95*51 


96*28 

96*16 

96*09 


§ 213. (i.) Esimation of the Volatile Fatty Adds. — Reichert-Wollny 
Process. — The original Reichert process and the modi D cation of it known 
as the Keichert-Meissl process, described in previous editions of this work, 
are now no longer used, owing to the careful research of Wollny, which 
proved that the processes were open to error in many ways. The process 
generally used both for butter and margarine, and which may be almost 
called the official method in this country, is the Reichert-WoUny process. 
In order that results may be uniformly comparable, it has boon agreed by 
the Principal Chemist of the Government Laboratory, and a committee 
appointed by the Society of Public Analysts, that following method 
j&fvjjj^rking shall be adopted. This method is recommended for margarine, 
# is equally applicable to all fats. It is essential that the measure- 
ments given, the quantity of fat taken, and all other del^ls should be 
followed closely. Should it be convenient to take 2*5 grtmi. of fat instead 
of 5 grms., half the other quantities must be taken and 55 c.c. distilled* 
The result multiplied by two will be slightly higher than tho true Wollny 
figure. The method is as follows : — 

Fivo gnus, of the melted and filtered sample are introduced into a 300 
‘C.O. flask (see fig. 37a), 2 o.c. of aqueous sodium hydroxide (1 : 1) free from 
carbon dioxide are added, and also 10 c.c. of 92 per cenfi alcohol, and the 
mixture is heated under a reflux condenser, connected with the flask by a 
T-pieoe, for 15 minutes in a bath containing boiling water. Hhe alcohol is 
distilled off by heating the flask on the water-bath for about half an hour, 
or until the soap is dry. fine hundred c.o. of hot water which has been 
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kept boiling for at least 10 minutes are added, and the flask heated until 
the soap is dissolved. Forty c.o. of iY-sulphuric acid and three or four 
fragments of pumice or broken pipe-stems are added, and the flask is at 
once connected with the condenser, as indicated in the figure. The flask, 
which is supported on a circular piece of asbestos 12 cm. in diameter 
having a hole in the centre 6 cm. in diameter, is first heated with a very 
small flame, to fuse the insoluble fatty acids without causing the liquid to 
boil. The heat is then increased, and when fusion is complete 110 c,c. 



are distilled off into a graduated flask, the distillation lasting about 30 
minutes (say from 28 to 32 minutes). The distillate is shaken, 100 c.c. 
are filtered off, transferred to a beaker, Q*5 c.o. of phenol-phthalein solution 
(1 grm. in 100 c.o. of alcohol) added, and the filtrate titrated with N/IO 
sodium or barium hydroxide. As the chemicals used may yield a slightly 
acid distillate, a blank experiment should be made, and the result allowed 
for; this should, however, not exceed 0*3 c.c. of i^/10 alkali. The final 
result multiplied by 1*1 is the Reichert- AVollny number. 

The following table gives, 1, the Reu iiert-Wollny number as determined 
by this method, and, II, the corresponding amount of butter-fat that is 
assumed to be present in the margarine : — 

I, . . 4*0 4-3 4-8 4*9 6-2 5*6 6*2 6-6 6*8 7*1 

Ih, . . 10 11 12 13 14 15 16 17 18 19 20 

No presumption against the margarine in regard to its content of butter- 
fat should be raised unless the Reichert- Wollny number thus ascertaiped 
exceeds 4. 

and Bearn^s Proms . — This is in some respects superior to the 
one described, but chiefly because it gives a sharper end reaction. 

In place of alcoholic potash, glyceroUsoda pr^ared as follows is used ; — 
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Dissolve 100 grms. of pure sodium hydroxide in 100 c.c. of distilled water 
and allow to stand until clear. Mix 20 c.c. of this solution with 180 c.c. 
of pure concentrated glycerol. 

Place 5 grms. of the fat in a 300 c.c. flask, add to it 20 c.c. of the 
glycerol soda, and heat over a Bunsen burner; the mixture will require 
careful watcliing, as there is considerable frothing; saponification is 
complete in a few minutes. The rest of the operation may be carried out 
as in the lleichert-Wollny process. 

English butters made from the mixed cream of several cows have a 
mean value of 29, and the minimum value adopted in this country is 24, 
but smaller values may be obtained from the butter of single cows, and 
under these circumstances the minimum may fall as low as 20*4 (see page 
304). Reichert and Meissl have proposed to calculate the amount of real 
butter-fat by taking 28*78 as a standard by the following formula : — 

- 0 ) 

'28*78-0 


n is the Rcichert-Meissl value, and C the value of the admixed fat. Meissl 
thinks that C may bo taken as 3. Die formula is, of course, only a rough 
guide, because the value for the original butler may be higher or lower 
than 28*78. The following are results obtained by various observers with 
the Reichert process : — 


n. N. Soda. 


Butter-fat, 

Lard, . , t 

Rape oil, 

Sesame oil, 

Olive oil, 

Palm oil, 

Kidney-fat, 

Cocoa-nut oil, 

Margarines, 

Butter-fat +10 per cent, cocoa-nut oil, 

Butter-fat 60, cocoa-nut oil 22*6, margarine 27*6, 


c.c. 

24 to 32 
'4 to *6 ■ 
•0 
•7 
•6 
1-0 
•6 

7*0 to 8*0 

0*8 to 8*0 
26*8 
18*0 
17*4 


H. Kreis ^ has proposed to saponify by sulphuric acid ; his method has 
been subsequently modified by several chemists, the most ifuportant 
addition to the process being the use of potassio permanganate. Dr. 
Rideal adds 10 c.c. of sulphuric acid, specific gravity 1*836, to 2*6 grms. 
of melted butter-fat ; the butter dissolves. 100 c.o, of water are now 
added, and the sulphurous acid developed is , destroyed by, about 1 c.c^pf 
strong potassium permanganate solution.^ The mixture ^ distilled until 
80 c.c. of distillate are obtained. In nineteen different butters examined 
by the Reichert-Meissl process and the sulphuric acid process, the mean 
number of c.c. of decinormal alkali consumed was 28*8 im the former and 
29*4 for the latter. 

A process of saponification has been proposed and practised by Mr. West 
Knight,^ which is based on the insolubility of the oleate, stearate, and 
pfcpitate of barium, and the ready solubility of the volatile fatty acid 
: comfeations with barium. The butter-fat is saponified with alcoholic 
potash ft. the ordinary way. The soap solution is diluted to 300 0.0., and a 
solution orJ^loride of barium added until a curdy precipitate separates, and 

» ChemklT 16, 1894, t 1880. > 
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the liquid is no longer rendered milky by a fresh addition — the insoluble 
barium fatty acids are collected on a filter, and ultimately transferred to 
a tube such as is used by !Muter (p. 298), and the fatty acids liberated by 
sulphuric acid and shaken up with ether ; when separation has been effected, 
a fractional part of the ether is taken, and evaporated in a tared flask. 

Wm. Johnstone* has proposed a method of dealing with butter-fat 
which has the advantages of Koettstorfer’s process, and gives the amount 
of soluble and insoluble fatty acids. 2*5 grms. of the buttor-fat are 
saponified with a known quantity of alcoholic potash in a closed flask, the 
titre of the potash having been carefully ascertained. 

After saponification the liquid is exactly neutralised, and thus — 

A. The amount of alkali required to saturate all the acids of the butter 
is ascertained. 

The alcohol is now boiled off and an excess of acid added to decompose 
the soap. The fatty tacids are washed with hot water (as before described), 
the insoluble fatty acids collected on a filter and dried in air the filter is 
transferred to a Soxhlet tube, and its contents exhausted with dry ether, 
the ethereal solution being received in a weighed flask. When the extrac- 
tion is complete the ether is driven off, the flask and its contents carefully 
dried and weighed ; this gives — 

B. Insoluble acids by w'cight. 

Next the fatty acids remaining in the flask are saponified by a known 
volume of standard alkali and titrated with standard acid ; this gives — 

‘ C. Amount of alkali required to saturate the insoluble acids. 

By subtracting C from A, the amount of alkali required to saturate D, 
the solul^o fatty acids, is obtained. An example will make the working 
clear. 

.2*5 grms. of butter were saponified by 25*00 c.c. of normal alcoholic 
potash; after saponification the liquid was neutralised by 14'78 c.c. of 
standard acid, therefore (A) the alkali was equal to 25*00 - 14*78 c.c. ; 
that is, 10*22 c.c. of normal potash. 

(B) The insoluble fatty acids weighed 2*2487 grms. = 89*95 per cent. 
The insoluble fatty acids were saponified by normal potash, the difference 
of acid taken was equal to 8*13 c.c. of potash — that is to say, the 
insoluble acids were neutralised by (C) 8*13 c.c. of normal potash ; but the 
total acids consumed 10*22 c.c. of normal potash ; therefore, the soluble 
acids (D) must be equal to 10 22-8*13 c.c., or 2*09, equal to 7*35 per 
cent, of butyric acid. 

§ 214. Further Analysis of the InaoluUe Fatty Aruh. — The insoluble 
fatty acids are, as already stated, oleic, palmitic, and stearic ; it is their 
total weight which is alone valuable, and to separate the three with accuracy 
is not easily effected. The first can, however, be isolated by the following 
process, the details 0 ! which have boon worked out by Dr. Muter. The 
process depends upon the well-known fact that the oleate of lead, 
Pb 2 C, 8 H 8802 , can be separated from plumbic palmitate, Ph 2 Ci 6 H 8 i 02 , and 
plumbic stearate, Pb 2 C\ 8 H 8602 , by taking advantage of the solubility of 
the former in ether. 

MutePs method of estimating oleic acid is as follows: — 3 grms. of the 
fat are saponified by means of alcoholic potash. The potash is carefully 

* The Analyst^ xiv., 1889, No. 168, « • i. 

* Riohmond dissolves the fatty acids in warm alcohol, makes up to 100 o.c. with 
alcohol ; of this he takes 26 c.c., and evaporates and weighs. He takes 60 0.0., and 
titrates with alcoholic soda sQlution— this gives both B and C as above. 
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neutralised bj acetic acid, using phenoI-pJithalcin as an indicator. 200 c.c. 
of water, to which 30 c.c. of a 10 per cent, solution of plumbic acetate 
have been added, arc boiled and, wliile })oiling, the soiif) solution is slowlj 
poured in with constant stirring. The whole is allowed to cool, the 
supernatant fluid poured off, and the lead soap washed w'ith hot water by 
decantation. The precipitate is transferred to a stoppered bottle, 80 c.c. 
of ether added, and, finally, the ether made up to 120 c.c. The bottle is 
allowed to stand, with occasional shaking, for twelve 
hours, during which tinxe the whole of the oleate will 
have dissolv^. The ethereal solution is now filtered into 
a special tube (fig. 38), the plumbic stearate, etc., being 
washed with ether until free from lead ; this usually 
entails the use of about 100 c.c. of ether. Hydrochloric 
acid, 25 per cent, strength, is poured in up to the first 
mark on the tube and the contents, shaken. The liquids 
arc now allowed to separate and the acid layer drawn off 
by means of the stop-cock. Water is then poured in and 
the contents again shaken, the water being removed as 
before, and the whole process repeated until the washings 
are free from acidity. The total volume of the other is 
noted, a fractional portion run off into an Erlenmeyer's 
flask, and the ether distilled until a very little ether 
remaina It is not distilled completely, so as to avoid 
exposing the oleic acid to the air; 50 c.c. of pure alcolvol 
K \^ded to this residue and the solution titrated by ' 
deciuormal soda, using phcnolphthalein as an^ijidicator ; 
each c.c. of d. n. acid is equal to 0*0282 oleic acid. 
Having thus ascertained the strength of the remaining 
ethereal solution in the tube, the next step is to run off as 
many c.c. as correspond to 0*5 grm. of oleic acid into a 
Fig. 88.-— Muter’s stoppered bottle of at least 350 c.c. capacity ; this flask 
olein tube. is also provided with a doubly perforated cork carrying 
two tubes, one of which is connected with a carbon dioxide 
apparatus. The flask is placed in warm water and the ga.s passed through 
until all trace of ether has been removed, 'fo the residue 50 c.c. of Hubl’s 
* solution (see p. 301) are added, the stopper inserted and allowed to stand 
the usual time and then titrated.^ 

E. Twitchell® has proved that 100 c.c. of ether dissolves 0*015 of Ihe 
lead salts of purified commercial stearic acid at 0” C., and that thw is an 
ohjection to Muter’s process. 

He proposes a modification of Jean^s process as fqllows, of which he 
gives the following example ; — A lard, the liquid fatty acid of which gave 
when tested by Muter’s process an iodine absorption of 94*1 per cent., 
was treated as follows : — 4 grms. of the fatty .acids were dissolved in 60 c.c. 
of 95 per cent, alcohol and 2*5 grms. of lead acetate in 20 o.c. of the same 
alcohol added, both solutions being hot. The liquid with precipitate was 
put on one side for two hours, the temperature being strictly 15* for the 
last hour. A part of the whole was theii filtered into a separating funnel, 
treated with ether (md HCl, the acids washed and dried in a current of 
GO^) their iodine number obtained, and their percentage in the original 
solution determined. The precipitate was washed with 95 -per cent, alcohol, 

* Analyst, April, 1889. 

‘ i/bum. Amer, ChenL 1896, zviil, 289'295 ; Andlyst^ July, 1896. 




decomposed with HCl, and the solid fatty acids dried and weighed ; the 
results were : — 

Per cent. Todiiio nutiiber. 

StiHd fatty acids, 46‘24 4'9 

Lii^uid fatty acids, 61*82 103*37 

figures indicating that all the solid and part of the liquid acids had been 
precipitated. ; 

If the iodine number of the total fatty acids is obtained, the method of 
calculating results is as in the following example : — 4 grms. of fatty acids 
gave an iodine liumber of G2*57 ; the fatty acids from the filtrate at .15“ 
gave au iodine number of 109*35, and were equal to 46*81 per cent. 

The percentage of liquid acids multiplied by the iodiiie'iiumbcr of these 
acids and deducted from the iodine number of the total acids ecjuals oleic 
acid. Dividing this by 0 9 gives the percentage of oleic ncid precipitated 

with the solid acids.* Thus in the above case ==: 51*19 - 62'67 

= 11*38. Dividing 11 *38 by 0*9 = 12*64 in the precipitate, which, added' 
to 46*81, represents the total liquid acids, 59*45. 

Mr. Wanklyn^ has proposed estimating butyric acid derived from the 
formation of butyric ether in 8a})onifying with alcoholic potash as 
follows : — The butter is clarified in the usual way, and then 5 grms. are 
weighed and taken for the analysis. The butter is placed in a small 
r^jtort of about 200 c.c. capacity, and fitted to a condenser. About 100 c.c. 
pf alcohol (specific gravity 0*838) is added to the butter in the retort, and 
' then 0*5 grm. of solid potash is added. The retort is then gently heated, 
and thc^coutcnts are distilled, the distillation being continued to dryness. 
The distillate is received in a bottle fitted with -a stopper, and containing 
40 c.c. of accurately measured normal caustic pobish or soda. When the 
distillation is complete, the stopper is placed in the bottle and the contents 
are shaken for a short time, and ))resently it will bo found that the smell 
of butyric ether has vanished. Phenol-phthalcin is nc/v^ added to serve 
as an indicator, and the solution is titrated with normal sulphuric acid. 

Good butters treated in this way yield from 2*8 to 3 4 per cent, of 
butyric acid as ether, while common margarine only a trace. 

llaherland 2 has worked out a scheme of qwantitatively separating 
acetic, butyric, propionic, and formic acids. The four acids are made free 
by phosphoric acid and distilled, the distillate evaporated with lead oxide, 
the residue dissolved in cold water, and the solution heated to boiling. 
Basic lead propionate is precipitated ; the other lead salts remain in 
solution and are filtered off. The filtrate is treated with HgSO^, evaporated 
to dryness with excess of zinc oxide, and the mass is then treated with 
a large volume of absolute alcohol and filtered. Zinc formate and lead 
sulphate remain on the filter. The alcoholic filtrate is evaporated to 
dryness, and distilled with phosphoric a< id. To the distillate silver carbonate 
is added, and the solution is evaporated, when, in consequence of the lower 
solubility of silver butyrate (1 part in 260 water), this salt separates with 
almost quantitative completeness. Silver acetate (solubility 1 part in 100 
water) remains in solution. 

§ 216. Estimatim of (?Zycmn.— The determination of glycerin in fats, 
hitherto most unsatisfactory, can now, thanks to the labours of Wanklyn, 
Fox, Benedikt, and Zsigmondy, be accomplished with fair accuracy. 

» “ The Analysis of Butter,” by W. Fox and J. A. Wanklyn. AnaJyift, ^ 884. 

» ZeU. anai. Ckm.^ 1899, xxxvui., 217-220. 
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The process is based upon the oxidation of the glyceri/i by alkaline 
permanganate, the consequent formation of oxalic acid, oirbou dioxide, 
and water; and the estimation of the oxalic acid ; whence t ie glycerin is 
calculated according to the formula — 

CaHgOg + 3O2 = CgH/)^ + CO2 + 3II2O. 

100 parts of oxalic acid are equal to 102 ‘2 parts of glycerin, or, since the 
oxalic acid is usually determined as lime carbonate, 100 parts of lime 
carbonate equal 92 parts of glycerin. 

The details of the process are as follows: — 10 grms. of the filtered 
butter-fat are saponified by a known 'volume of a solution of KHO in pure 
methyl alcohoV or, better still, by a strong aqueous solution of potash. 
Mr. Allen has recommended saponifying the fat by means of 25 c.c. of a 
16 per cent, potash solution in a flask well stoppered down by means of 
an india-rubber stopper, heat being applied by means, of a water-bath for 
several hours, until from the homogeneous appearance of the liquid it is 
certain that saponification has been eftected. The soap is now decomposed 
in the usual way by means of dilute Bulf)huric acid ; tlie fatty acids 
separated ; the filtrate made up to a known bulk, and a fractional part of 
this taken for oxidation. The oxidation is carried out as follows:— The 
solution is alkalised by potash solutioiljPiontaining at least 6 per cent, of 
free alkali, and then a 5 per cent, solution of potassic permanganate 
is added until the liquid is blackish in colour. The solution is boiled, 
whereupon manganese oxide is precipitated, but the excess still tinges 
the liquid red, the red colour is discharged by adding sulphurous acid, 
the whole is then' filtered and the precipitate well washed witl^ boiling 
water. The filtrate is boiled, and, while boiling, an excess of calcium 
acetate is added. The precipitate, consisting of an impure calcic oxalate, 
is collected, washed, dissolved in dilute sulphuric acid, and titrated with 
permanganate solution, or it may be ignited, and the resulting calcic 
carbonate dissolved in d. n. HCl, titrating back with a known volume of 
a solution of d. n. soda, and using methyl orange as an indicator. The 
best results are obtained when the amount of glycerin to be oxidised is 
from *3 to *5 grm., and the dilution not greater than *1 per cent.* 

^ § 216. 77ie Iodine Value .. — Hubl (DintjK polyt, Journ., ccliii., 281-295) 

has proposed a method which is of the greatest value in the examination of 
oils and fats generally, and can be applied to the analysis of butter. The 
melted fat is treated with an alcoholic solution of iodine in presence of 
an alcoholic solution of mercury bichloride; under these circumstances 
the anWurated fatty acids or their glycerides absorb iodine in a regular 
and definite manner. With regard to butter, the only, unsaturated fatty 
. acid is oleic acid ; hence the amount of iodine absorbed has relation to the 
content of olein or to oleic acid. 

^ Ethyl alcohol cannot be used, for on treatment with boiling alkaline permanganate, 
some oxalic acid is produced. 

“ See papers by Messrs. Fox & Wanklyn, Ghem. News, Jan. 8, 1888 ; by R. 
Benedikt & R. Zsigmondy, Analyst, x., 206 ; and by Allen, op. cit., xi., 62. 

J. David, Comjft. Jiend., xciv., 1477-1479, estimates glyceriTi as follows 100 grms. 
of the fat are melt^, 65 grius. of barium hydrate are added, with brisk stirring ; when 
most of the water has been expelled the heating is discontinued ; 80 c.c. of 96 per cent 
.alcohol are poured on the mass, and the whole stirred ; 1 litre of water is then added, and 
the mixture boiled for an hour. The barium soap remains insoluble, whilst the glycerol 
is dissolved by the water, which is freed from the excras of barium, reduced in volume 
by boiling, and finally evaporated in a vacuum at a low temperature. The glycerin 
might evidently be estimated by the oxalic method. 
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The following solutions are required 

(1) Solution of iodine and mercury bichloride. 25 grins, of iodine are 
dissolved in half a litre of alcohol of 95 per cent, strength, and 30 grms. 
of mercury bichloride are dissolved in another half litre of alcohol; the 
two solutions are now mixed, and allowed to stand, before standardising, 
for twenty-four hours. 

(2) Solution of sodium hyposulphite, 24 grms. to the litre. 

(3) 3*8747 grms. of potassium bichromate dissolved in a litre of water. 

(4) A solution of potassium iodide, 10 per cent, strength. 

The thiosulphate is standardised as follows : — 10 c.c. of the potassium 
iodide solution are placed in a stoppered Lottie, and 5 c.c. of HCl lulded, 
tog(?ther with 20 c.c. of the bichromate solution. This will liberate 
exactly 0*2 grm. of iodine. The thiosulphate solution is run in carefully 
until a light straw colour only remains, then a little freshly-prefjared 
starch soluticiii is aUded, and the thiosulphate run in until the blue 
colour disapjioars. 'Plie number of cubic centimetres added will, of 
course, be C(|ual to 0*2 grm. of iodine. The next thing is to titrate with 
the thiosulphate the solution of iodine and mercury bicldoridc. It is best 
to take for this purpose 25 c.c. of the iodine solution, and to operate in 
a similar way— that is, running in the thiosulphate until there is only 
a pale straw colour, and finishing with starch as an indicator. 

To obtain the iodine value of butter-fat, from 0*6 to 0*8 grm. of the 
clear melted fat is dropped on to the bottom of a tared flask, the flask 
.and its contents w'eighed. The fat is dissolved in 10 c.c. of chloroform, 
and 25 o.c. of the iodine solution run into the flask, which should be at 
least 500 c.c. in ca[>acity ; the flask is now stoppered and put in the dark 
for four hours. Should the iodine solution become decidedly pale at the 
end of tw'o hours, a second 25 c.c. of iodine is run in, for unless an excess 
is present, accurate results will not be obtained. At the cud of the stated 
time, 20 c.c. of the potassium iodide solution are added (or, should there 
be a red precipitate of mercury iodide, even more), the •liquid diluted 
with from 300 to 500 c.c. of water, well shaken and titrated with the 
thiosulphate, using as an indicator starch solution. The difference in the 
number of cubic ceiitiiuctres of thiosulphate used on the original iodine 
solution, and that on the solution which has acted on the fat, gives the 
requisite data from which to calculate the amount of iodine the fat 
has absorbed ; this is calculated into per cent, of the fat. 

Rowland Williams ' has cxfimined in this way thirty butters, the mean 
of which gave 35*34 per cent, of iodine absorbed, the extremes being 23 6 
and 40’ 3. Seven margarines gave from 62-29 to 75*22 per cent. 

, The same process is applicable to the insoluble fatty acids, a 
'^^ weighed quantity from 0*2 to 0*4 of the fatty acids being dissolved in 
chloroform and treated as above. Tlie following are a few iodine 
values for various fats and oils : — 


Linseed o.i, 

Iodine 

number. 

.... 158*0 

Tttllow, 

Iodine 

number. 

40*0 

Castor oU, 

84*4 

Cocoa butter, .... 

84*0 

Olive oil, . 

82*8 

Nutmeg butter, 

31*0 

Lard, 

Margarine, 

. • . 69*0 

Butter-fat (from 26 ’0 to 36*1), . 

81*0 

. . 65'8 

Cocoa-nut oil, .... 

8*9 

Palm oil, . 

.... 61 6 

Jai)anese wax, .... 

4*2 


* Analyst^ June, 1894. ; 
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In fats, like butter-fat, in which it is believed there are no other 
unsaturated acids than oleic ; olein, and the oleic acid ^ be estimated in 
this Avay. 

The theoretical amount of iodine absorbed by o acid is 90*07 per 
cent., and the theoretical iodine value for olein is 86*20. Hence, if the 
iodine value of a fat equals 1, the percentage of olein will be found from 
the following fonnula — 

88-2 

Or, simpler still, tlie iodine value multiplied by the factor 1*1601 gives 
the olein. Similarly the amount of oleic acid in the fatty acids is found 
by multiplying the iodine value found by the factor 1*1102. 

Hchner ^ has proposed to treat fats with bromine, and weigh the 
product. 1 to 3 gnus, of the fat are introduced yito a wide-mouthed 
flask, and dissolved in a few cubic centimetres of 
chloroform; then pure bromine is added drop by 
drop until in excess. The flask is then heated in. 
the water-bath, and the bromine driven off by 
adding from time to time a little chloroform. 
Finally the brominised fat is dried at 125“ C., and 
weighed. To compare the results with those 
obtained with iodine, the gain in weight is multi- 
plied by — that is, 1*587 ; the results fairly 

80 



agree. 


§ 217. The Cryoeeopic Method of Examining 
Butter-Fai. — Raoult’s method of determining mole- 
cular weights is applicable to butter-fat, and may 
be used as a means of distinguishing it from 
margarine.^ F. Garclli and L. Carcano, using 
benzene as a solvent, and considering the constant 
for benzene to be 53 (it is usually taken as 49), 
found that pure butter had a molecular weight of 
from 696 to 716, while margarines ranged from 
780 to 883.8 

The apparatus required is (1.) a Beckman's 
thermometer, D (fig. 39) ; this thermometer has a 
mercury reservoir at the top, tf, so that variable 
amounts of mercury may be introduced into the 
lower bulb ; it has a range of only 5 or 6 degrees 
divided into tenths ; (2.) a tube with a side limb, 
A A' ; and (3.) a wide test-tube into which the first 
one fits, so as to (as it were) jacket it with air. 
The whole is supported in a wide beaker, in 
which the freezing mixture is placeil, and suitable stirrers, C and r, pro- 
3enided. The first thing is to ascertain the freezing point of a known weight 
f th f ? “ weighed on the' balance, and 

nost of .20 grms. of the solvent are introduced, and the tube with its 
Joohol are xx., p. 60. 

he mixture Soc, Chem,^ 1899, iii., xxi., 788-740), udiig benzene, found for pure 

a diseolved by tirom 631 to 662 and for margarine 840 to 860. He also found 15 per cent, 
)y boiling, and icrea^ tlie molecular weight by 89-86 units, 
night evidently beateh, 1894. & w 


Fio. 89.-— Cryoscojiio 
Apparatus. 
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contents again weiglied; the weight subtracted from the tare gives the 
amount of liquid. Some ice and salt and water are placed in the beaker, 
and the whole apparatus arranged as in the diagram. The mercury of the 
thermometer gradually falls, and as it falls both stirrers must bo worked ; 
on approaching the freezing point the thermometer becomes for a moment 
stationary, then suddenly rises, and then becomes stationary to again fall ; 
when it last becomes stationary is considered the freezing point of the 
liquid ; the tube is taken out, the liquid allowed to melt, and the operation 
repeated once or twice, the mean of the determinations being taken. Next 
from ‘5 to '8 grm. of the butter, or other fat, is dissolved in the same 
liquid, and the operation again repeated ; this time there will be a diflerence 
of one or more tenths of a degree in the freezing point ; it will be lower 
than when operating on the pure substance ; this lowering is the molecular 
depression. The molecular weight is calculated by means of a constant, 
which, for the chief solvents, has already been ascertained. The two 
solvents applicable for butter are benzene, for which the constant is usually 
taken as 49, and paraxylene,^ which may be taken as 43. Of the two 
solvents, pamxylene is much to be prefen'ed, for it has the low freezing 
point of about 16“ (*. and the high boiling point of 136“ C. ; hence, although 
expensive, it is readily recovered with but little loss. 

The senior author has made several determinations of the cryoscopic 
value of butter-fat; but with paraxyleno has obtained much lower values 
than Garelli and Carano. He is inclined to put the average molecular 
weight of butter-fat at about 680. 

An acUial example of a cryoscopic determination with paraxylene will 
illustrate the above remarks : — 

Weight of paraxylene taken, . . , 19*505 gnuf-*. 

Weight of butter-fat dissolved in the above, 1 *0784 , , 

Depression of freezing point, . . , 0*41". 

If M equals the molecular weight, C the constant, G^the per cent, of 
substance dissolved, and t the depression, then the molecular weight, M, 
is found from the equation — 



In the above example, replacing the letters by the experimental 
values — 

*41 

§217a. The Detection and Estimation of CocoorNut Oil in Butter- 
Fat {see also Phytosterol),— A, good qualitative test for cocoa-nut oil in 
butter is that of Ed. Hinks {Analyst, 1907). 

5 C.C. of the melted fat are dissolved in 10 c.c. of ether, and the tube 
then packed in ice. After half an hour the liquid is rapidly filtered, 
and the filtrate evaporated to dryness in the water-bath. The residual fat 
is pressed into a test tube and boiled with thr^e to four times its volume of 
alcohol, 96 to 97 per cent, volume strength. The solution is then allowed 
to cool to the temperatqjre of the room. The tube is then placed in water 
at 5° Cent., and kept at that temperature for 15 minutes ; the alcoholic 
layer is rapidly filtered into another tube, which is placed in a cool 
chamber at 0“. A deposit soon separates ; this deposit is examined mioro- 

i PafArnn And MontflTnArfcini. f^naxUa dh'Lm.uia. «r1v. li Tk 109 
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scopioally, using powers of from 250 to 300. The crystals melt at 5*, 
therefore the examination must be rapid, or the stage artificially cooled. 
Butter deposits glycerides in round granular masses, cocoa-nut oil in fine 
needle-shaped crystals. Mixtures show the granular butter spheres with 
numerous small, very line, almost feathery crystals generally attached to 
the butter granules, but sometimes in clusters by themselves, a very 
characteristic appearance being that of a mass of crystals growing from 
the side of the butter granules. 

Ed. Polenske (Ze/d.f. anal. Ghem.^ 1905, 777) saponifies 5 grins, of fat 
with glycerine alkali, and distils exactly tis in the Reiehert-Mcissl process ; 
the distillate is filtered through a filter paper of 8 cm. diameter, and the 
Reichert number obtained. After the distillate has entirely filtered, the 
filter is washed three times with 15 o.c. of water, which has been used to 
wash out the condensing tube, the meusuring cylinder,^ and the flask ; when 
this has completely filtered through (the last 10 c.c. must be so little acid 
as to be neutralised by a drop of d. n. baryta water), the process is 
repeated witf» three quantities of I5c.c. alcohol of 90 per cent. The united' 
filtrates are then titrated witli d. n baryta water ; the number of c.c. used 
is named by the author the new butter number. This value for pure butter 
is from 1‘5 to 3*0 c.c., and for pure cocoa-fat 16‘8 to 17‘8. The nu(?-ber 
has a relation to the Ileichert-Meissl value, as is shown in the following 
table ‘ 


Jteichert-Melflsl 

Value. 

Polenske’s New 
Butter Number. 

Highest Admissible 
New Butter Number 
consistent with Purity. 

20-21 

1-3-1 *4 

1-9 

21-22 

1-4-1 *6 

2-0 

22-23 

1-6-1 -6 

2-1 

23-24 

1-6-17 

2-2 

24-25 

1 -7-1*8 

2-3 

26-26 

1 -8-1-9 

2-4 

26-27 

1 -9-2-0 

2-6 

27-28 

2 -0-2 -2 

27 

28-29 

2-2-2-6 

3*0 

29-30 

2-6-8 -0 

3*6 


L. Vandam (op. cit. 780) detects cocoa-nut oil in butter as follows : — 

* 5 grins, of butter-fat are saponified by moans of 25 c.c. of 8 per cent, 
potash lye, and, after boiling a short time, 60 c.c. of alcohol of 80 per 
cent, volume strength are added ; the whole is made up to 100 c.c. at 15", 
then 25 c.o. of sulphuric acid, which has been dilut^ so as to exactly 
neutralise the 25 o.c. of potash solution, are added; the emulsion is now 
allowed to stand some time at 15" C., then filtered ; an aliquot part of the 
filtrate is titrated with half normal soda, using phenol-phthalein as an, 
indicator, and the results calculated on the total volume ; this volume 
must be corrected for both the volume of the separated potossic sulphate 
and that of the insoluble fatty acids. The former is considered to be 
equivalent to 1-7 o.c. j the latter is experimentally ascertained by boiling 
in water, cooling, separating and dissolving in 10 o.c. of 'alcohol; the 
increase in the volume of the alcohol gives the bulk required. ' 

Under the above conditions, butter uses 10*9, margarine 9'5, and 

^ Mention may be made of the method of Wijsman and ISiemt {dnalyst^ 1906, 
31, 168), in which the silver nitrate oousumed by the soluble acids in the ordinary 
Reichert process is compared with that used by disUllatiun with three or four times the 
quantity of water, and thus the silver values obtained, wluch are practically equal with 
pure butter. Many chemists ^have tried this process, but with varied and therefore 
uusatisfisetory results. 
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oocoa-fat 44*2 0 . 0 . of half normal soda. Another aliquot part of the 
alcoholic solution is evaporated to dryness, the acids obtained treated with 
hot water, and that which remains insoluble is dissolved in hot alcohol, 
and titrated with half normal soda; 5 grms. of butter-fat take 4‘6-5*2, 
margarine 3*1, and cocoa-fat 42*3 c.c. of half n. soda. 

A. W. Thorp {AmJy&t, 1906, xxxi.) detects cocoa-nut oil by simply 
extending the Keichert test. 

The usual 110 c.c. of the distillate are collected, hlicred and titrated. 
A second 110 o.c. of water are added to the distillation flask, and a second 
110 c.c. distilled over ; this distillate is passed through the same filter paper 
and similarly titrated. The condenser, measuring vessels and the filter are 
now washed with hot alcohol, and the solution obtained also titrated. 

With pure butters, the second aqueous distillate consumes from 2*9-4 *0 
c.c. of d. n. alkali, the alkali washings from 5*2 to 8*4 c.c. d. 11 . alkali. 
Cocoa-nut oil gives for the second distillate 4*0 c.c. d. n. alkali, whilst the 
alcoholic solution of the insoluble fatty acids require 3*4 c.c. Mixtures, 
therefore, give numbers over 9 c.c. d. n. alkali for the alcoholic solution 
according to the amount of cocoa nut oil in the mixture. 

J. Haims {Zeit. Untarmch. Nahr. Oenuasm,, 1907) bases his method 
for the detection of cocoa-nut oil in fats on the production of volatile 
esters j the volatile esters in butter consist almost exclusively of those of 
the lower fatty acids, whilst with cocoa-nut oil a large quantity of esters 
of the higher fatty acids is obtained. 5 grms. of the melted fat arc heated 
in a flask for 15 minutes at 00% 30 c.c. of d. n. alcoholic KHO are added, 
and the mixture shaken until clear; the flask is kept at 50" for eight 
minutes 2 c.c. of a sulphuric acid previously diluted so as to be exactly 
equal to the 30 c.c, of alkali are then added. The contents of the flask 
are now diluted to a volume of 145 c.c. with water, and distilled. The 
first 30 c.c. contain the alcohol, and are collected separately; 100 c.c. of 
the subsequent aqueous distillate are also collected separately. Both 
fractions are now transferred to two flasks; to the aqheous distillate 
sufficient alcohol is added to clear, and in both any free acidity is exactly 
neutralised ; they are then boiled with an excess of d. n. alcoholic potash, 
and the loss of alkalinity ascertained by titrating back. 

The following are some results obtained by the method : — 


Hanus’ METUon. 


Klud oi Fat. 

C.c. d. n. Alkali required for the 
Saponification of the Esten. 

In the 80 C.C. 
of Alcoholic 
UistUlatc. 

In the 100 c.c. 
of Aqueous 
DiBtillate. 

Butter No. 1, . . , . . 

24 60 

0*06 

,, No. 2 

26*80 

8*06 

„ No. 8, 

26*20 

9*40 

Grade cocoa-nut oil, 

10*65 

41*46 

Cocoa-uut oil, Cochin 

17*20 

40*10 

„ Ceres No. 1, 

13*80 

42*80 

„ „ No. 2,^ 

11*0.5 

43*90 

,, ,, No. 8,* 

13*60 

38*20 

No. 2 Butter -1-5 per cent, cocoa-nut oil, . 

26*00 

11*20 

„ +10 „ „ ... 

26*80 

14*90 

liurd 

0*60 

1*60 

„ -1-7 i)er cent oocoa-nut oil, . . . 

, 2*00 

4*60 
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J. Bellier (Ann, de Ghim. Anal,^ 1906, xi.) suggests the following 
process based upon the fact that 100 grms. of normal butter fat requires 
43 ‘62 grms. of crystallised copper sulphate to precipitate the fatty acids, 
whilst 100 grms. of cocoa-nut oil requires 11 ’06 more grms., viz., 64*68 
copper sulphate. 

One grm. of the dry clear fat is saponified with 5 c.c. of normal 
alcoholic potash, and the soap solution neutralised to obtain the saponifica- 
tion value, then rendered just alkaline, and treated with 20 c.c. of copper 
solution representing ‘4362 grm. of copper sulphate (2 ‘181 per cent.), 
which should precipitate all the acids if pure butter. The liquid is 
warmed for a little time at 80“, then the precipitate is separated by 
filtration, and the filtrate tested by adding more of the copper solution ; if 
appreciable turbidity is produced, a quantity not exceeding 10 per cent, of 
cocoa-nut oil was present, but if a decided precipitate, then over 10 per 
cent, of cocoa-nut oil is present. 

Quantitative approximations may be obtained by weighing the dried 
copper salts and then enumerating and weighing, after complete oxidation, 
the copper oxide. 

The copper oxide from pure butter is 0*142, from cocoa-nut oil 0*178 ; 

1 per cent, of cocoa-nut oil would therefore increase the weight of the 
oxide by 0*36 mgrm. The process has not been sufficiently investigated 
to state whether it is better than the other pi^^ses detailed. 

K. K. I)ons (ZeihcK Nalir. Gcnmem., 190l|||Btimatcs caprylic (octoic) 
acid in butter as follows : — 6 grms. of butter fat are evaporated, the soap 
is dissolved in 100 c.c. of water,' and the fatty acids liberated by the 
addition of 60 c.c. of dilute sulphuric acid. After cooling, the* aqueous 
portion is separated, and the cooled cake extracted twice with 150 c.c. of 
hot water. The cake of fatty acids is then placed in a fiask, 110 c.c of 
water added, also 20 grms. of glycerol, 5 grms. of sodic sulphate and some 
pumice stone, and distilled until 110 c.c. have passed over. The acidity 
of the distillate is then titrated as usual. The acidity is practically due 
entirely to caprylic acid. This is precipitated by silver nitrate. The 
quantity of the latter required, expressed as c.c. of d. n. silver, multiplied 
by 1*1, gives what Dons calls the “caprylic acid’’ value of the fat. An 
additive correction of 0*4 0 . 0 . is used for the solubility of the silver salt. 
Pure butter-fat gives values from 1*6 to 2*0, cocoa-nut oil 5*3, and butter 
containing 10 per cent, cocoa-nut oil from 2*7 to 3*0. 


Summary. 

§ 218. From what has been said the Analyst will have no difficulty '■ 
in distinguisbiug normal genuine butter from marga,rine, nor will 
he have any difficulty in detecting the presence of large quantities 
of margarine or moderate quantities of cocoa-nut oi} in. butter. 
Even small quantities of margarine in butter may be detected if 
the analyst has full information as to the breed of caw, ■ the state 
of lactation, the season of the year, nature of feeding, etc., or if 
he is able to obtain a genuine sample of butter from the same source 
within a reasonably short space of time and under the same con- 
ditions. If, however, he has no such information, as, for instauee, in 
the majority of samples fiaken for snalysis under the ^e of Food and 
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Drugs Act, the problem he will have to solve is very difficult, as he will 
have to distinguish between adulterated samples and samples which are 
not adulterated, but which yield figures quite as low as do moderately 
adulterated samples. 

Thus Allen found samples of genuine butter which gave a Reichert- 
Wollny figure of 22*5, and Vioth and others have found lleichert-Wollny 
figures of only 20. 

Van Ryn^ has recorded some exceedingly low figures obtained from 
Dutch butters, the Reichert-Wollny figure being in one case as low as 
17‘0, One of his samples gave the following series of abnormal figures : — 


Sp. srr. at 

Reichert- 

Iiisol. 

Sol. 

Roett- 

Iodine 

37*8“ C. 

Wollny. 

acids. 

acids. 

storfer. 

value. 

•0105 

19-2 

91 

3*8 

21 2-9 

46-6 


Such figures as these cannot, however, be accepted as representing 
normal butters, and they are only obtained from butters made in the 
autumn in the northern countries of Europe, where it is the custom to 
leave the cows out late in ,the cold autumn It has also been observed 
that a rise in the volatile acids begins shortly after such cows have been 
stabled. That the occurrence of these abnormal butters could be readily 
prevented by the proper management of the cows is shown by the fact 
tliat in the provinces of Liinberg and North Brabant, where the cows are 
stabled over night jjractically during the whole year, the low'est Reichert- 
Wollny figure obtained by van Ryn was 28. An advanced state of lacta- 
tion also tends to cause abnormal figures, as does disease, as has been 
observed by Nilson. Putting aside these very abnormal butters, the 
following table compiled from the results of various authorities* may be 
taken as representing the composition of normal butter, and adulteration 
may be suspected if the figures obtained are outside the limits mentioned. 
Where no information as to the origin of the sample is obtainable the 
analyst will do well not to certify to adulteration even on such a low 
Reichert- Wollny figure as 20, unless this conclusion is supported by other 
figures, by distinct evidence of vegetable oil, or by the microscopical 
examination. 

'1 


Table giving Average Values for the Standard Tests. 



Butter. 

Margarine. 

Cocoa- 

Mean. 

Max. 

Min. 

Mean. 

nut oil. 

Reichert-Wollny, . 

28 

33*6 

24 

" -8 

7-5-8 0 

Valenta 

36“ 

89“ 

29“ 

96“ 


Specific gravity at 0. , . 

•8668 

•8686 

'8660 

•861 

•874 

Refraction (Jean) at 46“ 0. , 

-30 

-84 

-26 

-16 

-59 

„ (Zeiss) at 36“ C., 

46 

49 

48*7 

62 

41 

Koettstorfer value, . 

227-0 

•283 -0 

221-6 

196 

268-^46 

Insoluble adds per cent., . 

87-6 

90 

85-6 

96*6 

82-90 

Soluble adds per cent., . 

6*0 

7*0 

40 

traces 


Iodine value, .... 

34 

40 

24 

66 

' 0-^9-6 

Melting-point, .... 

82*8 

35 

30 

26 

20-28 


Palm-nut oil like cocoa-nut, but an iodine value of 10-17. 


I *' On the Composition Dutch Butter,” by Dr. J. J. L. van Byh, 1902. 
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§ 219, The Analym of Rancid According to Hauus,^ when 

butter goes rancid the glycerides of both the volatile and non-volatile 
acids are hydrolysed, the non-volatile being set free sooner and in 
larger proportion than the volatile. The glycerides of the saturated 
and unsaturated acids are equally affected. C. Amthor^ states that 
rancid butter contains alcohol and also free volatile acids, esters of 
the volatile acids, particularly butyric ethyl-ester. How far the ana- 
lytical figures are aftected by keeping butter is a matter of some 
doubt j according to C. A. Brown® there is a decided increase in the 
acid, saponification and lleichert numbers, a slight increase in the ether 
number, and a marked increase in the iodine value, with a decrease 
in the soluble acids and glycerol. The experiments of other observers 
show, however, that the changes are only slight. Besana, analysing 
a number of butters kept for vaiious times, only got a diifercnco in 
the Keichert-VVollny figure in the first decimal place, some showing an 
increase, others a decrease. Richmond'^ has shown that the changes in 
the analytical figures depend on whether the butter it'^elf or the separ- 
ated fat is kept. - Tlie volatile and soluble acids in the butter itself being 
increased, giving an apparent decrease in the filtered fat, ho suggests that 
the volatile acids should be determined on the butter itself without 
separation of the fat, with subsequent determination of the actual fat 
taken. 


Chebsr. 

§ 220. Cheese may be made from the milk of any animal, but 
the great majority of cheeses in commerce are made from that of 
the cow. Rennet is added to the milk, which causes the casein to 
split up into two compounds, one of which is solnblt^ and allied to 
albumen, the other ® in the presence of calcium phosphate being 
insoluble ; this latter carries down with it most of the milk-fat, 
as well as some of the milk-sugar. The rennet brings about 
this change by the action of an enzyme (rennin), which acts only 
in an acid or neutral solution, and has an optimum temperature 
of about 4r C. The thin whey is allowed to run off, and the pre- 
cipitated * curds’® submitted to pressure, which has the effect of not 

^ Zeit. Ndhr. Oemmm.y 1900, iii., 324-328. 

^ Zeit. analyl. Ghent., 1899, 18. 

* Joum. American Ghent. 1899, xxl, 975-994, 

* Dairy Chemistry, 1899, p}). 298-296, 

Various uaines have been given this compound, such as casein {HaUiburloii), tyroin 
{M, Foster), dys-chymo-caseose {Richmond), 

« An analysis of curds by M. Kubner is as i’oilows 


Per cent. 

Water,. . 60-27 

Casein, 24*64 

Fat, . . • 7*38 

Ash, 4'02 

Milk-sugar, 8*54 


Total solids 89*73 

•Solids not fat,* 82*40 
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only getting rid of the whey, but also of giving to the mass shape and 
consistency, Chec.se may be made from sour milk without the addition of 
rennet, the lactic acid precipitating the casein ; but most of the cheeses in 
commerce are made from fresh milk. Cheeses may be divided into two 
varieties — the soft and the hard ; the former are manufactured by pre- 
cipitating with rennet at a low temperature, and using but little pressure ; 
they have mostly an alkaline reaction. The hard cheeses are subjected to 
a higher temperature and stronger pressure, and have, when first made, an 
acid reaction. 

§ 221. Soft Cheesea . — Examples of soft cheeses are cream cheese, 
Neufchatel (a Swiss cream cheese), fromage de Brie^ and Camembert. 

Hard Chaeses . — Examples of hard cheeses are American, Cheddar, 
Stilton, Dunlop, Gloucester, and others. 

The general composition of the chief cheeses of commerce may bo 
gathered from the following table: — 


TADLE XXII.—CoMPOsiTiON of Chkxse. 



Water. 

Ash. 

Fat. 

Nitrogen. 

Analysts. 

American choose, meanl 
of six samples, . . / 

27-5 

4*1 

32*6 

4*54 

i flhattaway, Pcarmaiu, 
j ^nd Moor, 

American cheese, mean 1 
of two samples, . . j 

27*2 

4*1 

82*1 

6*80 

A. Wynter Blyth. 

(lamomhort, mean of two J 
aam])lea, . . . | 

Cheddar (English), mean | 
of three samples, . ( 

45*6 

4*25 

3^*2 

' 8*63 

f Chattaway, jjeannain, 
t and Moor. 

84-2 

4*10 

28*5 

4*30 

Do. Do. 

Cheddar (English), mean \ 
of two samples, . . / 

28*1 

3*34 

22*6 

7*3 

A. "Wynter Blyth. 

Cheddar (Canadian), 

88-8 

3*60 

30*6 

4*3 

j Chattaway, Pearmain, 
j and Moor. 

Cheshire, mean of twol 
samples, . . . / 

Cheshire, mean of six i 
samples, . . . / 

34*7 

4-30 

33*3 

4*1 

Do. Do. 

44*6 

4*61 

307 

4-6 

C. M. Blades. 

Cream (double), . 

67*6 

3*4 

39*3 

3*14 

J Chattaway, Peannain, 

{ and Moor, 

Cream (York), 

63*1 

1*4 

6*6 

2*76 

Do. Do. 

Dunlop, 

38*5 

3*8 

31*8 

4*1 

Johnstone. 

Dutch, mean of two' 
samples, . 

39*6 

6*4 

11*5 

4*8 

1 Chattaway, Pearmain, 

( and Moor. 

Gloucester (double), mean ' 
of two samples, . 

85*2 

4-8 

26*8 

4*7 

Do. Do. 

Gloucester, . 

36*8 

4*2 

21-9 

6*2 

Johnstone. 

Gloucester (single), 

21*4 

4*1 

26*4 

77 

A. Wyntei’ Blyth. 

Gruyire, mean of five "I 
samples, . . . j 

84*7 

3*8 

28*9 

4*9 

\ Payen, Lindt, and C. 

1 Muller. 

Gruyere, mean of twol 
samples, . . . / 

26*9 

4*2 

80-2 

47 

] Chattaway, Pearmain, 

\ and Moor. 

Fromage de Brie, . 

51*9 

6*0 

24*8 

! 2*9 

A. Wynter Blyth, 

Neufchatel, . 

87*9 

3*4 

41*8 

I 87 

Do,' 

Parmesan, . 

32*5 

6*2 

17*1 

6*9 

J Chattaway, Pearmain, 

\ and Moor, 

Roquefort, . 

29*6 

67 

80*8 

4*45 

Do. Do. 

Skim cheese, , 

48*1 

6*2 

0*9 

77 

A* Wynter Blyth. 

Wensleydale, 

28*8 

87 

88*3 

4*8 

) Chattaway, Pearmain, 

} and Moor, 
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§ 222. Pannmm Gkeese in a peculiar cheese, never made in this country, 
but imported from Parma and clscwlicrc. The easeutial points in the 
manufacture are, that the rennet is heated to about 46‘’*6 C. (116° Fahr.), 
and an hour afterwards the milk set over a slow tire until lieatcd to about 
G5“’5 C. (160“ Fahr.). These operations cause the curd to separate in hard 
lumps. It is usually coloured with saffron. The outer crust of the cheese 
at the end of fourteen days is cut off, the new surface varnished with 
linseed oil, and one side coloured red. It is a very dry cheese, with a large 
amount of casein, and only a moderate percentage of fat. 

§ 223. The liij)ening of Cheese. — The complicated changes which take 
place in cheese during ripening are not fully understood. They appear to 
be brought about (1) by micro-organisms, (2) by enzymes, (3) by chemical 
action. During ripening, changes take place both in the proteids and in 
the fat. 

The Cheese Proteid is decomposed into, first, albiimoses and peptones, 
then into amines, and finally into ammonia. Frendenrich, Cohn, and othei‘S 
held the opinion that bacteria, especially the lactic class, were the chief 
agents in bringing about this decomposition. Chodat smd Hofman Bang ^ 
have, how'ever, shown that the lactic acid producing bacteria have no 
decomposing action on the cheese proteid even after it had been partly 
dissolved by Tyrothrix. The lactic acid bacteria undoubtedly play a pre- 
liminary and important part in the ripening of cheese, but the splitting up 
of the cheese proteid is chiefly brought about by the action of enzymes. 
.These enzymes are, according to Babcock and Russell, contained in the 
original milk. 

The Mjhem Fat is at lii’st atfected to a very small extent, but subse- 
quently the change is very great (Ihtrlanx)^ the glycerides of the soluble 
fatty acids being split up into free fatty acids and glycerol, but subsequently 
the oleic acid glyceride is attacked. According to Karl Windisch,^ these 
changes in the fat are brought about by micro-organisms, the ammonia 
produced by the decomposition of the proteids also acting ow the glycerides 
of the fatty acids. The acids produced are chiefly non-volatile fatty acids. 

The following example illustrates the changes taking place in the cheese 
proteid ; — 


Cheddar, six 
months old. 
A. Vivian.8 


IiiHuluble ii^rogun, . 
Mtrogen asvbumosesand ) 
11 peptones, / 
„ liaides, 
.immunia, 


Per cent. 
8-18 


•86 

•09 


S ^‘ifThe Analysis of C/ieese.— The chief difficulty in the analysis 
of cheese is in the extraction of the fat ; one method, recommended and 
used by the American chemists, is to take a weighed quantity of cheese, 
mix it intimately with anhydrous copper sulphate, and then exhaust it in a 
Soxhlet tube with petroleum, ether, or o .her suitable fat solvent. A second 
method is to rub up 26 to 60 grms. of the cheese with sand or gypsum, 
and^similarly exhaust with ether or petroleum. The fat in cheese may 
also be estimated by ‘ whirling.’ Chattaway, Pearmain, and Moor operate 
as follows, using a Leffmann and Beam apparatus 2 grms. of cheese are 
reduced to as fine a division as possible, transferred to a small dish, and 
heated in the water-bath with 30 o.c. of concentrated hydrochloric acid 

' Ann, Inst. Fastmrt 1901, xv,, 86-48. 

a Chem. Centr., 1901, i., 128-130. 

^ JFiseonsin State 1899, 1^9-186 
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until dissolved. The mixture is poured into a Lclfmaiin-Beam bottle, the 
dish rinsed with the hydrochloric acid and fusel oil mixture into the bottle, 
and, finally, eJioiigh stroiij,^ hot acid added to fill the bottle up to the mark. 
It is then * whirled.’ The LefFmami-Beam bottles are graduated, so that 
ten divisions equal 1 per cent, hy weight of fat in the 15’55 gnus, of milk 


15*55 

taken ; hence, the factor to he used is — * ' =7*7. 

a 


The Werner-Schmid method will also be found satisfactory. 

The water in cheese is best estimated by extracting the powdered 
cheese by alcohol and ether, and drying the alcohol ether extract and the 
fat-free solids separately. This is a better method than drying the solids 
in the ordinary way, which will bo found in many cases to be extremely 
tedious and inaccurate. With alkaline cheeses there appears no other 
way of obtaining the amount of water than careful neutmlisation of the 
free alkali by an acid before drying. The sugar must be determined on 
the principles laid down at p. 224 ; the lactic acid and the ash on the 
principles laid down at pj). 230 and 228. 


The protcids are best determined by subtracting all the otlier con- 
stituents from 100. The nitrogen may be determined by Kjeldahl’s process, 
but the percentage of nitrogen contained in the organic nitrogen compoutids 
of cheese varies from 15 ’8 in the original cheese proteid to 7*73 in tyrosine. 
Nitrates * are also said to be sometimes present. 

If a further examination of the nitrogenous compounds contained in 
the cheese is required in order to judge of its ripeness, the following process 
may be employed ; — 

Total Nitroym , — The nitrogen in 2 grm^^ the cheese is Estimated 
by Kjeldalil’s method. 

Nitrogen as Ammonia. — Ss^igrms. of the cheese, well ground up with 
clean sand, are mixed with 20 ' c.c. of water, barium carbonate is added 


and the whole distilled into stiiudard acid. 


Nitrogm as insoluble proleidSf AlhurnoseSf Peptones, ami Amides . — 50 
grms. of the cheese are w'ell ground up with sand, mixed with dilute acetic 
acid, boiled and filtered ; the filtrate is divided into two parts ; the 
total nitrogen is determined in an aliquot portion of one part ; the per- 
*^centage of nitrogen found deducted from the total nitrogen gives the 
nitrogen as insoluble proteids. To the other portion rendered acid with dilute 
t sulphuric acid (1 :4), phosphotungstic acid is added until no more precipitate 
Hfi formed j the liquid is filtered, and the nitrogen determined in an aliquot 
portion of the filtrate ; the nitrogen found represents that due to amides 
and ammonia. This deducted from the nitrogen in the first portion gives 
the nitrogen as albumoses and peptones, 

§ 225. Adulterations . — The chief adulteration is the incorporation of 
animal fat — this is effected as follows : * — An emulsion of lord is made by 
bringing together in a disintegrator lard and skimmed milk, both previously 
heat^ to 140* Kahr. in steam-jacketed tanks; the disintegrator consists 
of a cylinder revolving within a cylindrical shell; the surface of the 
cylinder is covered with fine serrat^ projections, each one of which is a 
tooth with a sharp point ; as this cylinder revolves rapidly within its shell 
the mixture of melted lard and hot skimmed milk is forced up in the 


Leifmaun and Beam, "Select Methods of Food Analysig,” 1901, p. 240. 

^ U.S. Dep. of Agriculture, Bull., No. 18, 1887, '* Foods and Food Adulteration,** 
H. W. WUey. a 
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narrow interspace and the lard becomes very finely divided and most 
intimately mixed or emulsioniaed with the milk. This emulsion consists 
of from two to three parts of milk to one of lard ; it can bo made at one 
factory and taken to another to be used for cheese, but it is usually run at 
once into the cheese vat. 

‘‘ In making the clieesc a quantity of this emulsion, conttiining about 
80 lbs. of lard, is added to 6000 lbs. of skimmed milk and about 600 lbs. 
of butter milk in the cheese vat, and the lard that does not remain incor- 
porated with the milk or curd (usually about 10 lbs.) is carefully skimmed 
off. 'rhesc quantities of materials yield from 600 to 600 lbs. of cheese, 
containing at)Out 70 lbs. of lard, or about 14 per cent. About half of the 
fat removed in the skimming of milk is replaced by lard.” 

Hence, the fat extracted from cheese should always he tested by the 
Valent a test and by the Rcichert-Wollny process, and if a suspicious result 
is obtained, it must then be analysed in tlm same way as butter. In such 
a case it is best to extract the fat from 100 to 150 grms. of the cheese, 
so as to have sutficient for the various methods described under ‘ Butter.’ 

According to G. Fescetti and F. Gbigi ' in genuine cheeses the Keichert- 
Wollny number exceeds 18. Margarine cheeses give values below 16 and 
generally below 6. The refractometer value (Zeiss) of genuine cheese lies 
below 47 “‘6 at 35“ C., and for margarine cheese above 48“, but these fall 
during ripening, as does the Ileicbert-Wollny figure and to a less extent 
the saponification number. The iodine value ^ first decreases and then 
increases during ripening. 

Skim Milk Cheese. — Other aMtei'aHons of cheese which have actually 
been fouftd are not numerous. All mineral adulterations, save tlioso of vola- 
tile metals, must be looked for in the ash, which consists normally of common 
salt, alkaline, and earthy phosphates. Cheese has from the earliest to the 
present time been coloured by vegetable matters, and so long as the hitter 
are not injurious, such addition cannot be considered as adulteration. 

Thin slices of cheese should be examined microscopically^after dissolving 
^ the fat, etc., by ether; in this way starches and vegetable suUstances 
Ky be detected. Arsenical washes and lead pastes have often been applied 
to the rind to prevent the attacks of the fly. As this part is habitually 
eaten by a few people, it is necessary to examine it, especially for these 
metals, and, in a complete investigation, to make two separate analyses, 
one of the rind, and the other of the substance of the cheese. 

In past times, a few isolated instances have occurred in which it was 
found that the manufacturers of cheese had mixed preparations of arsenic 
with the cheese itself as a preservative : — e.g., such was the case in the 
year 1811, when several of the inhabitants of Chatillon were poisoned by 
this means. In 1854, the same thing occurred, and a Parisian family 
suffered, but not fatally (Chexcdlier). It is to be hoped that such ignorance 

thing entirely of the past. 

"V'Tyrotoxicon, diazobenzol CeHsNjjlOl l), has been discovered by Vaughan 
Report of Michigan State Board of Health,” 1886) in a cheese which 
caused the illness of some 300 people in Michigan. Tlj^ crystalline sub- 
stance was isolated from a watery extract of the cheese by the process 
detailed on pp. 604-505 of Poisons, by A. Wyuter Blyth. 3rd edition. 

After the removal of the curd from milk, a ‘whoy’ remainfi, containing 

* Centr., 1901, i., 678, 674. 

» Karl WindiBch {Chm. Centr,, 190^ i., 128-180). 
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E roteidfl, milk-sugar, lactic acid, and salts. Tlie mean of thirty-two analyses collected 
y Konig gives the following as the average composii.ioii of ' whey ’ : — 

Water 93*31 

Nitrogenous substances, ‘82 

Fat, *24 

Milk-sugar 4*65 

Lactic acid, *88 

Salts *65 


Whey, on account of its high content of milk-sugar, is used for the ])ro|»amtion of the 
latter, and thei-e is also a ‘whey- vinegar.’ In very many places, however, whey is use<l 
merely as a food for pigs. 


Lard, 

§ 226. Lard is, f»*om an analyst’s point of view, the fat of the pig. 
Lard used to be defined as the fat from particular parts of the pig — that is, 
the solid fat from around the kidneys, and from the peritoneum ; but the 
enormous American industry in lard has thrown on the market pig-fat from 
all portions of the animal, and the term * lard ’ cannot properly be restricted 
to fat from particular parts. On the other hand, ‘ leaf-lard ’ should always 
be fat from what the butchers call the ‘leaf’ — that is, the peritoneum. 

The American packing trade, according to Wiley, ^ ‘ render ’ the follow- 
ing varieties : — 

1. Neutral Lard. — Fat derived from the leaf of the pig rendered in a 
fresh state at a temperature of from 4(|“ to 60“ C. ; this lard is not much 
exported, but is mainly used up in the manufacture of oleo-margarine. It 
is almost neutral. 

2. Choice Lard, Choice Kettle-rendered Lard. — This is lard nfade from 
leaf and trimmings only. It is rendered in steam-jacketed open kettles, 
hence its name. 

3. Prime Steam Lard. — ^This is apparently pig-fat rendered by steam 
from all or any portions of the aiiimal. 

, i. A lofo quality lard made from the ‘guts,’ by which term the hog 
||||ftors mean tlie whole of the abdominal viscera. 

I^^t is obvious, therefoie, that different lards will show analytical varia- 
^tiens. Spaeth has made some useful observations on the chief analytical 
physical distinctions of lard derived from various portions of eight 
animals. Uis results are as follows : — 



European Lards. 

American Lards. 


Fat from 
the Back. 

Fat from 
the Kidney. 

Fat from 
the Leaf. 

Fat 

from the 
Head. 

• Fat 
from the 
Back. 

Fat 

from the 
Leaf. 

Specific giavity at 100* 
(watevat 16*-1), . 

0-8607 

0*8590 

0-8588 

-8682 

-8616 

‘8626 

Melting-point of fa^ . 

ss^-s C. 

48*-2 a 

44*-6 C. 



... 

„ of fatty acids, 

40*-0 „ 

ir-2 „ 

42*-9 „ 


... 

... 

Iodine value of fat, . . 

„ ' of fatty acids, 

60-68 

62-60 

63-10 

66-9 

'68-8 

61-4 

61-90 

64-20 

64-40 

... 



Free fatty acids, KOH per 
100 grins. 

0-64 

0-68 

1-28 




„ „ calc, as oleic 

acid, . *. . . 

0-162 

-a 

0*168 

0-860 



... 


1 TT iGt .*..1 TT tir 



§ 227. 27ie Tliyfdml Gharattifn^Hi'a of Zan/. — Ijard possesses a pur 
white colour and a granular texture. The specific gravity of lard at 40" *0 C 
is about 0*898 j at 100" C. about 0*861 — that is, in each case, water at 15"*0 C 
being taken as 1. The increase in density for each degree C. is *00062 
The melting-point of lard is from 34" *0 to 48" C. ; Wiley, for American lards 
considers a wide deviation from 40" C. as a sign of impurity. The solidifyiuj 
point of butcher’s lard is 28"*6 to 29"*9 C. American steam lard from *26" I 
27" C. 

A bettor test is the solidifying point of the fatty acids; this, in thi 
prime steam lards, varies, according to Wiley, from 4r*4 to 43" *0 C. ; ii 
other lards from 36"*9 to 46" *6 C. ; these numbers agree fairly well witl 
those found by Gladding. 

The refraction of lard has been studied by Wiley, using an Abbe’i 
rcfractometcr. The rate of variation for each degree of temperature wai 
found to be 0 000288, and the refractive index varies inversely as th< 
temperature. The refractive indices were taken at various tempenituroi 
between 30" and 40" C., and then reduced to 25" C.; at that temperature wate: 
had a refractive index of 1*3300, and the mean uuniber for pure lard wai 
1*4620. Zeiss’ butyro-refractometer or Jean’s olco-rofractomoter will b< 
found preferable to Abbe’s instrument. Cotton-seed oil may l>e detectec 
with certainty by this means ; it may also be used as a corroborative tesi 
in the case of beef tallow. The following table gives some of the figurci 
obtained 



OeRTeea uf Oleo* 
Itefrucbometur. 
.Tean. 

Butyro-Kefracto- 
meter at 40* C. 
Maagfeld. 

European lard, 

-12*6 

48*6 to 61*2 

„ stearin, . 

-lOto-11 


American lard, 

-4to-ll*5 

51*4 

Beef tallow, . 

-16to~17 

49*0 » 

„ stearin, . 

-34 


Cotton-seed oil, 

-1-12 to -1-23 

61*0 

,, stearin, . 

-1-26 


Cocoa-nut oil, 

-64 

86’*5 


Microscopical Appearances of Lard . — If forty drops of melted lard are 
dissolved in 10 c.c. of etber and allowed to cool, crystals are soon deposited, 
which have the appearance of oblong plates with oblique terminals ; these 
occasionally occur in radiated groups. 

Beef fat, on the other hand, always forms more or less radiated groups 
of crystals, and the individual crystals are in the form of needles, nol 
plates (see Frontispiece), Some of the crystals are of a wavy / shape. 

This test must not be taken as absolute proof of the presence of beei 
stearin, as Hehner and Mitchell have s-hown^ that the form of the crystah 
depends entirely upon the proportion of* stearic acid contained in the 
sample. Hehner has more recently* shown that in pure lards containing 
a high percentage of stearic acid the crystals often cannot be distinguished 
from those obtained from lard largely admixed with beef-fat. 

§ 228. Chmiced Characteristics of Lard — Moixtwre in Lard . — Lard 
consists of the glycerides of palmitic, stearic, and oleic acids, and also e 
^ THa AnalyU, vol. xxi., p. 828. 

> The Analystf vol« xxvii., p. 




small amoiuit of linolin. Hehner has obtained stearic acid in quantities 
varying from 6 to no less than 24*91 per cent. The quantity of water in 
lard is fractional ; it should never exceed 0*7 per cent. An amount of 
water equal to 1 per cent, would be an adulteration. 

Insofnhie Fatty AdfU, — These vary from 93 to 95 per cent. 

Volatile Aevh. — The volatile acids arc always small in quantity. If a 
Reichcrt-Wollny test bo applied and 5 grins, be saponified, decomposed, 
and distilled, the distillate does not neutralise more than 0*5 c.c. of d. n. 
soda. Should the amount of volatile acid be more than this, it is a 
suspicious sign. 

Saponification Value . — This has been stated by Koettstorfer to be 
equal to 195-0 mgrms. of KHO, by Valenta as from 195*3 to 190*6, and by 
Wiley as varying from 193*4 up to 203*1 with a mean value of 198. 

Iodine Numher . — This is a value dejiending on the amount of olein in 
the lard ; it rises above the normal when lanl is adulterated with oils of 
larger olein content and sinks below the normal when lard is mixed with 
stearins, having a small iodine absorption. Mixtures can be made, however, 
which will pass the iodine test. 

Unfortunately the nonnal iodine number varies much in the fat of the 
pig derived from dillerent parts of the animal ; compare, for instance, the 
iodine values given at p. 310. Wiley, for prime steam American lards, 
gives the value as from 60*34 to 66*47 per cent of iodine absorbed, with a 
mean value of 62*5; Hubl gives a mean number of 59; Dieterich from 
49*9 to 63*8. So that all that the analyst can say is that a number below 
about 49 or higher than 64 is a suspicious sign. Hehner has obtained from 
a lard, melted out by himself, a value of only 45*6. <r 

Another method is to separate the insoluble fatty acids, and as in Muter 
aud de Koningh^s process (already described, p. 297), determine the iodine 
number of the liquid fatty acids Pure lard, according to Muter, yields a 
liquid fatty acid having an iodine numlicr of 94 ; cotton-seed oil, on the 
other hand, has an absorption under the same conditions of 136 ; so that if 
the iodine number is above 94 adulteration with vegetable oil is indicated. 
Muter’s iodine number of 94 must not be considered final, for Wallenstein 
and Finck^ have made some researches on the liquid fatty acids of European 
•lards, and give the iodine number attfrom 03 to 96, and the iodine number 
of the liquid fatty acids of American lards as high as from 103 to 106. 

The Maumene Test . — This is the rise of temperature when a definite 
quantity of an oil is mixed with a definite quantity of strong sulphuric 
acid. The diying oils examined in this way give a much higher temperature 
than the non-drying oils. Comparable results are obtained by operating 
on strictly the same conditions. These conditions ar^ to use the same 
volumes or weights of oil and acid, to bring the two to the same initial 
temperature before mixing, and to have the same strength of acid. This 
latter may, however, not be esvseiitial if Thomson and Ballantyno’s sugges- 
tion be adopted of refen-ing the rise of temperature obtained with 50 grms. 
of oil and 10 c.c. of sulphuric acid, to the rise of temperature which 50 
grms. of water give under the same conditions ; the rise of temperatiure 
with the oil, divided by the rise of temperature with the water, gives a 
quotient which they have named “specific temperature reaction.” This in 
some degree meets the difficulty of testing with different strengths of acids. 
The best method of bringing al^ut a temperature reaction after Maumen^’s 
method is as follows : — 

1 (Viem. Zeit., 1894, 1189. 



Salphtirio ftbid of "BT T)er cent, strength is poured into dry stoppered^ 
bottles of small oapaoity, and all save one securely protected by a lute 
from the air. The analyst can now get his standard from the small bottle 
in use, and this standard will hold good for all the rest. 

To apply the principle to lard, 60 grms. of the lard are melted in .a 
small fljisk and kept at a temperature some 2" or 3“ C. above the melting- 
point, by standing in a water-bath kept at a constant temperature. The 
small bottle of sulphuric acid is also placed in the same water-bath, and 
when both acid and melted lard are equal in temperature, 10 c.c. of 
sulphuric acid are transferred to the oil at the same moment tliat the 
flask is immersed in a beaker and packed with cotton wool ; tlie mixture 
is then well stirred with the thermometer and the rise of temperature 
noted. Such various degrees of heat have been stated that it would be 
unwise to rely upon any published statement, but a standard should be 
made by operating on pure lard; under these circumstances good com- 
parative results will be obtained. For example, Bugler and llupp found a 
lard giving a rise of temperature of 31“ to 32“ C. ; the same lard with 10 per 
cent, of cotton-seed oil gave a reaction of 34" C. ; with 20 per cent, cotton 
seed oil, 40“ to 42“ C. ; and with 50 per cent, seed oil, 68" 0. In all cases, 
indeed, the same operator will find a diflerence between the temperature 
reactions of pure lard and lard mixed with oils of high temperature 
reactions. 

Helmer and MitchelP have proposed to treat the fat with bromine and 
ascertain the rise of temperature. 1 grm. of the oil or fatty acid is 
dissolved in 10 c.c. of chloroform in a test tube enclosed in a vacuum 
jacliot ; \ c.c. of bromine is added, and the rise in temperature noted by a 
delicate thermometer. The bromine, oil, and solvent must all be at the 
same temperature before mixing. 

The rise of temperature of 10 samples of lard gave a mean number of 
10" ‘7 0.; a sample of lard with 10 per cent, cotton oil, IT'OC. ; cotton oil, 

1 9“ '4 C. ; cod-liver oil, 28* C. j olive oil, 16" C. ; butter, 7" C. ; •by multiplying 
the number of degrees by the factor 6*6 a close approximation to the iodine 
number is obtained. Thus the process chocks a Ilubl determination. 

^ ^29. Adultnation of Lard . — ^The chief sophistication of lard is 
.umixture of beef stearin, either alone or with vegetable oils, especially 
vtton seed oil, cocoa-nut oil, sesamd oil, or maize oil. Cotton-seed steariti 
nas also been used, either with beef stearin or alone. Water is generally 
enumerated as an adulterant, but the wilful addition of water at the 
present time is rare. 

The adulteration of lard is on a large scale, and great ingenuity has 
been shewn in devising mixtures which will pass the analytical tests. 
Hence the analyst, when he examines a suspicious sample, must never 
condemn on one test, but should aortal ti what are the chief lard constants 
before he pronounces an opinion. 

The chief analytical values of the different adulterants of lard are 
tabulated in Table XXIIL, from which the following facts will be 
apporenv ; — 

(a.) Specific Q-ravity . — AH the adulterants save beef stearin raise the 
specific gravity of lard ; t^ef stearin is, on the other hand, about the speoifio 
^vity of lard. 

(6.) TVw Solidifying- or Fte&dng-Point of ihe Cotton-seed oil, 
arachis oil, sesame oil, maize oil, and even cocoa-nut oil, have all lower 
» Awolyii, July, 1895. 
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figures for the freezing-point than lard ; on the other hand, beef stearin 
is somewhat higher, so that a 10 per cent, admixture of beef stearin will 
have but little cllect on the freezing-point of the mixed fat. Cotton-seed 
stearin also may have the same freezing-point as lard. 

(r.) TI\a Fnezing- or Solidi/ying-Foint of the Fatty AcAds . — The same 
remarks apply to the solidifying-point of the fatty acids, but here another 
valuable distinction comes in — viz., the very great difference between the 
freezing-point of some of the oils and fats and the freezing-point of their 
fatty acids ; for example, pure lard giving a solidifying-j)oint of 25“ to 29“ C., 
the fatty acids are on an average 10“ to 15“ C. higher ; on the other hand, 
cotton-seed oil as compared with the fatty acids will show 30“ of difference, 
while maize oil and cocoa-nut oil will differ but to a slight, often inap- 
preciable, extent. 

TAliLE XXIII.—Chbmioal and Physical Constants of Lauds and bomb 
Oils dskd voa the Adulteration of Laud. 



Specillu Gravity. 
Water 

SolidtfyinK Point, 

Insoluble 

Saponlfl- 

ludinu 

Maumenfe 






Acids. 

cation. 


At 16*. 

At 100*. 

Pet. 

Patty 

Acids. 

Uebner 

Val. 

Merms. 

KOH. 

Value. 

Test. 

lABD, . 

•• 

‘861 

28"-29“ 

87*-4r 

94-0 

196 

690 

24*-86 

Ootton-aeed oil, 

•022-‘98() 

•8fl7-‘888 

o*to-r 

81*-86* 

96-0 

191-196 

100-117 

75''-90* 

Arachie oil, . 

•«lt)--»22 

‘8t>4-’B08 

-8“ to -7* 

24*-80* 

96‘0 

100-190 1 

87-itf' 

44"-67* 

Sesame, oil, 

•921-’924 

•8«8-'871 

-4*to-6* 

18*-22’ 


188-101 

103-112 

6;r-64* 

Maize oil, . . 

•921--922 

•g68-’800 

-10*to-W* 


96’0 

189-190 

111-119 

79“-86" 

(Cocoa-nut 

Cocoa-nut oil, . 

•928 

•878 

i(r-20* 

16’-20* 

88-0 

246-268 i 

8*9 

) olein 
) 26*-27“ 

( (Allen) 

Beef stearin 








(tallow). 
Cotton • seed 

•943-*962 1 

•860 

38* to 48* 

43*-0 

96*0 

193-200 

85-40 

... 


•928 

•865-‘867 

16*-82“ 

86*-0 

96-0 

196 

89-08 

48 

1 


io of the above (save cocoa-nut oU) give more than sutfiofent volatile acid to neutralise 

d. 11 . soda wlien auumiUed to the Beichert-Wolliiy test. Coooa-nut oU, however, glvea a 
Reichert- Wollny value of about 7 c.o. of d. n. eoda for 5 grma. of the fat. 


(d) Ttw Insoluble Acids . — These acids, save perhaps in the case of 
cocoa-nut oil, are of little value to determine, all the oils and fats in the 
table (iMve coooa-nut oil) yielding approximately the same amount of fatty 
acids. 

(e.) Volatile Adds . — A Reichert-Wollny determination of the volatile 
acids becomes of great importance when cocoa-nut oil is suspected. A 
somewhat low content of insoluble acid and an appreciable amount of 
volatile acid, such as sufficient to neutralise over 2 o.c. of decinormal soda, 
points strongly to some fat like cocoa-nut oil, containing soluble and 
volatile fatty acids. 

(/,) The Saponification Value . — The only oil in the table that is likely 
to raise materially the saponification value is ooco^nut oil. 

(p.) lodim Value . — All the oils, with the exception of cocoa-nut oil, 
-raise the iodine value; on the other hand, the stearins generally depress it. ' 

(h.) MaumenA Test . — Mixtures of either cotton-s^ oil, arachis oil, 
sesam^ or maize oil, raise the thermal indications^ 

Havii^ obtained somc^ indication of adulteration from a comparison 
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with the constants above enumerated, the results will have to be confirmed, 
or otherwise, by special tests, as follows : — 

Special TesU for Vegetable Oils. — ^As lard is wholly animal, and as tliere 
are some analytical differences between animal and vcgctiiblo fats or oils, 
the sample may be tested as follows : — 

Process for Detection of Phgtosterol. — Salkowskii was the first to show 
that animal fats contained cholesterin only, and vegetable fats phytostorol. 
His original process has been modified and improved by A. Bomer^ and others. 

60 grms. of the fat or oil are saponified by means of alcoholic potash. 
The soap is heated in a beaker for about an hour on the water l)ath, then 
tmnsferred to a large separating vessel provided with stopcock and stopper. 
200 c.c. of water are added, and the liquid, when cool, shaken up with 
500 c.c. of ether. The ether is separated from the soap, which is again 
treated with 200 to 250 c.c. of other. The ether is recovered by distillation. 
Th 9 ether extract is dried and obtained alcohol free by heating on the 
water bath and again saponified by alcoholic potash, and the process re- 
peated on a small scale, as above. The ultimate product is dissolved in hot 
alcohol (absolute) and allowed to crystallise. Cholesterin usually crystallises 
in rhombic plates, phytostorol in fine needles. In cases of adulteration, 
however, both cholesterin and phytosterol will be present. Cholesterin 
melts at 148“-4 to 150'’‘8, phytosterol from 138"'0 to 143“‘8 C. A mixture 
of cholesterin and phytosterol (1 ; 3) melts at 135° to 136°, while one part of 
phytosterol to three parts of cholesterin melts at 144“ to 144“*5 ; other mix- 
ifures follow more closely the calculated mean melting points of mixtures. 

Besides the microscopical appearances and the melting point there are 
a few 8 |> 0 cial tests for cholesterin. The crystals, dissolved in acetic acid, 
and after the addition of a small lump of zinc chloride, warmed with acetyl 
chloride, give a red colour with green fluorescence (L. Tschugaem).® 

. A. Bbmer now prefers to change the ultimate crystals into their acetic 
esters. The dry crystals are heated with acetic anhydrj^ie in a covered 
watch glass for a few seconds to boiling, the unused anhydride got rid of 
by evaporating over the water bath, and crystallisation effected from 
absolute alcohol.^ The acetic ester of cholesterin melts at from 114“*3 to 
C., phytosterol at 125“-6 to J37“-0 C. 

Bbmer has worked out the melting points of the esters of artificial 
mixtures in per cent, of the plant oil or fat added as follows: — 
117-118“, 1 to 2 per cent, vegetable oil added. 

120-121“, 2 to 3 ., 

123-126“, 3 to 4 „ „ 

WalmarCs Colour Test. — 1 grm, of the melted lard is dissolved in 6 c.c. 
of chloroform in a test tube, and agitated with 2 c.c. of a freshly prepared 
solution of phospho-molybdic aci4 or v>f sodium phospho-molybdate and a 
few drops of nitric acid. After standing for a short time the chloroform 
layer remains colourless ; the upper layer, in the case of animal fats or oils 
generally (cod-liver oil excepted) also remains colourless ; but if the lard is 
mixed with a vegetable oil, or if it is rancid, a green colour appears in the 
upper layer. alkalising with ammonia, the green colour changes into 
blue. This colour test musi; not be too much relied upon, but it is useful 
as a preliminary test. 

1 ZeUsdvriftf. ancU. Ckemie, xxvi 557. 

* Zeitsehriftf. UnUrsuch'mg d. Ndhrmas- u. OmvwniUel, i 21, 81, 532, 659. 

• /Md., iv, 974, 

* The crude acetates should be crystallised several thnes. 



Aeid.~^T}m aeid is stated hy Senedifit and Hasura poi to Se 
pi^tauied in krd, It is a constant constituent vegetable oils. The 
'^method of detection is based upon oxidising it into sativic acid, a crystalline 
^ acid insoluble in^ cold water, ether, benzene, and carbon disulphide. On 
,the other hand, Fahrion states that he has obtained sativic acid from pure 
lard; therefore there is at present some doubt in the matter, Ilence, 
until the point is definitely settled, attempts to separate sativic acid will 
not be of great utility. 

Specicd Testa for Gottoti-aeed Oil, Sesame Oil, Arackis OH, and Maize 
Oil. These are fully detailed in the article on Olive Oil, to which the 
reader is referred. It must be remembered that lard made from animals 
fed on cottoii-seed cake, etc., may give faint indications of cottoii-sccd oil. 

Detection of Beef Steanoi.— My far the best method is one worked out 
by Stock, who prepares two sets of mixtures. The one mijiture consists of 
ard melting at from 34” to 36“ C., mixed with 5, 10, 16, and 20 per cent, of 
beef-fat — melting-point, 66” C. A second mixture is prepared, also of pure 
lard, but with a higher melting-point — viz., 39" to 40” C. — and mixed with 
similar proportions of beef-fat, the beef-fat having a lower melting-point — viz., 
60 C. The melting-point of the sample under examination is taken by 
capillary tube method, and, according as to whether it has a high orajilv 
melting-point, the first or the second series of comparison mixtures is-UAed. 

3 c.c. of the melted fat are run into a graduated stoppered tube o^wjkc. 
capacity j 21 c.o. of ether are added, and the fat dissolved at a tempSSre 
of 20 to 26 C. ; 3 c.o, of each of one of the sets of mixtures are treated in 
precisely the same way. The five cylinders are cooled down to 13” C., and 
kept approximately at that temperature or a little lower over-night. The 
volume of crystals in each case is noted, and an approximate estimate in 
this way obtained. The ether is poured oft* as completely as possible, and 
10 c.c. of ether added at 13 C. The cylinders arc again shaken, and allowed, 
as before, to deposit. Finally the content of crystals is weighed, and this 
weight compared with the weight of the crystals of known composition. 
Stock found that with regal’d to lards melting below 39” C., no sample yielded 
(under the above conditions) more than 11 mgnns. Samples of higher 
melting-pomts, such as 45” '8 C., might, however, yield as much as 146 
mgnns. The crystals are carefully examined by the microscope. In the 
case of mixtures, intermediate characters between the crystals of pure lard 
{Frontiainece) and beef fat {Frontispiece) will bo obtained, and in a good 
many cases the chief crystalline form will be that of boef crj^tals. The 
proces^, whon combined with chemical data supporting the suspicion of 
admixture, is without doubt of great value, but requires experience. 

Z;»artfm?ic.--There are' some mixtures in ^the market sold honestly as 
such under various fancy^’iiames \ one examined by Mr. Bodmer gave the 
following figures - 

Mdtiag-pomt, . . . ! SS”*© 0. 

Specific gmvHy at 88”*6, . , 0 '91 06 (*0*8724 at 100”), 

Keichertte8t2‘6^8., . . 1*00 c.e. d. n. bary ta. 

Temperature reaction (Maumetd), 48” 0. 

Iodine absorption, . . . 66*6 per cent 

Saponification figure, . ;201*8 mgnns. KHO. 

Ssponification equivalent, . . 2777. 

l^itrate of silver, , . Much reductioiL 

Crystallisation from ether; . . Beeforystals. 

Emer deposit (StoeVs proeess), . - 87 mgnn" 

Oleo-reftaotoi^etet^ . . , 8”. 



Mr Bodmer considered the sample to probably contain lO per beef stearin; S& odc 0 
fat, 45 cotton-seed oil, 30 per cent 

Since the above is a t^ioal case of adulterated lard, it may be useful ^ 
to examine the figures in detail. First, the melting-point affords no 
indication of imypurity. The specific gravity is higher tl^n usual, and is 
suspicious. The Reichert test gives decided indications of more volatile 
acid than in lard, and in itself points clearly to oocoa oil ; the saponification 
figure is fairly high, but not beyond genuine lards. 

The iodine number, although not very high, is yet higher than in the 
majoritj’^ilP genuine lards ; Bechi’s nitrate of silver gave a decided reaction 
indicative of cotton-seed oil ; lastly, beef stearin crystals were discovered, 
and the ether deposit weigh(^ 37 mgrms., which for a lard of 38*' melting- 
point, according to Stock, is never found in genuine samples. Hence the 
diagnosis of a mixture of beef stearin, cotton-seed oil, oocoa oil, and lard 
is perfectly justified, and the only thing open to doubt is the quantities 
which have been assumed to be present. 

As there are considerable variations in the composition of genuine lard, 
all calculations of the amount of the fats or oils entering into the mixture 
arc liablo to error. 

^ Analyst, 1895. 
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TEA. 

§ 230. Varieties of Tea. — Tea is the dried leaf of different species of 
Theay a section of the genus Camdlia, The botanical varieties do not 
appear to be numerous. Thea T. viridisy and T. sinevsisy all Chinese 

plants, Tliea Assamicay indigenous to Assam, and one or two hybrids, are 
the principal plants from which the numerous teas of commerce are derived. 

difference depends on the selection of young or old leaves, and special 
treatments in drying and otherwise preparing the leaf, rather tlian on 
essentia^ botanical variation. 

The varieties of tea imported into this country are extremely numerous ; 
but seldom docs any one of them reach the consumer unmixed, for the 
wholesale tea merchants carefully im 2 )rove their teas by ‘ blending.’ The 
most common sorts are — Gunpowder, Hyson, Congou, Capers, and Indian 
tea. Of these, the Gunpowder and Hyson are dried at a higher temperature 
than the others, and contain less hygroscopic moisture. Th(j Capers may 
bo generally told by the leaves being rolled up into little lumps with starch 
or gum ; as a class, they are much adulterated, and, in fact, can hardly be 
called genuine tea. 

Besides these, there are a number of special teas, some of a very high 
price, and imported in a state of great purity ; but such teas arc used 
almost entirely for mixing or blending.^ They are known under the names 
of Moyone, Moyone gunpow'der. Oolong, Mannima Kaisow, scented Pekoes, 

* In noopRr’B travels (“Travels of a Pioneer of Commeroe,” by T. T. CooiKjr, London, 
1871), there 18 an interesting account of the brick tea used in Thibet, some of which may 
find its way to Eussia, but none, probaWy, to tliis country, It is the staple produce of 
the city and district of Yatzow, and the tree from which it is prepared attains not un- 
frequently the height of 15 feet It has a lai-jz^ coarse leaf, and is cultivated with little 
care, growing along the borders of fields and hrnnesteads. There are three qualities of tlie 
tea : th'i first is gathered in June and July, when the leaf is about an inch long. It is 
spread out in the sun to dry slightly, then rolled in the hand until the sap begins to 
exude, and when in this state made up into Iwlls, and ^id on one side to ferirnnit. After 
fermentaiioii, it is pressed into wooden moulds, and drie4 by charcoal fires. The bricks 
on their removad from the moulds are enveioiied in yellow i>ai>er covera, bearine a 
Government stamp and the* trade mark of the exporter, and then they are iiacked in 
baskets four feet long, made of the thin ^ips of the bautboo. The bncks thus packed 
form a * packet of tea,’ and weigh about 20 ik ; at Lb^, this quality of tea sells for 
48. 8d, per lb. The second variety consists of the older and yellower leaves which, when 
exported to Lotliang and Bithang, sell for Is. 6d. per lb. The third variety is merely 
chopi»cd twigs stuck together by rioC water, and is onjy used in the neighbourhood of 
Ta-tsian-too, where it i^sold^t 9d. per Ih. ' 
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Indian Souchong, Assam, Java, etc. The names by which the teas of 
commerce are most familiar to the public are simply ‘ green ’ and ‘ black,* 
which differ merely in accordance with the method of preparation followed. 
Green tea is prepared from young leaves, which are roasted over a wood 
fire within an hour or two after being gathered. The black tea leaves, on 
the other hand, are allowed to lie in heaps for ten or twelve hours after 
they have been plucked, during which time they undergo a sort of fermenta- 
tion ; the leaves then pass through certain processes, and are slowly dried 
over charcoal fires. 

§ 231. Structure of tlw Tea Leaf — The border is serrated nearly, though 
not quite, up to the stalk (see fig. 40). The primary veins run out from 
the midrib almost to the border, and then turn in, so that a distinct space 
is left between them and the border. 



Fig. 40 . ' 



Pig. 41 . 


A section through a tea-leaf is difficult to make successfully ; but when 
this itf accomplished, it will be seen thdt the upper and lower epidermis are 
very similar in thickness and structure, both being formed of a single row 
of oblong thick-walled cells, the upper epidermal layer being also covered 
with a cuticle. 

The mesophyll, or parenchyma of the leaf, contains two kinds of cells, 
the one being a very regular single or doiible row, filled with chlorophyll, 
just beneath the upper epidermal layer, whilst a spongy parenchyma, con- 
taining large S})ace8, occupies the rest of the leaf-thickness. There are also 
cells containing crystals, and, lastly, there are the peculiar structures called 
‘idioblasts’ (see a, fig. 41), 

Idioblasts are long, tough, tenacious, branched cells, which seem to act 
as pillars, or beams, keeping the two layers of the leaf apart ; they do not 
occur in any other leaf with which the tea-leaf is likely to be confused, so 
that their presence would indicate tea, their absence would point to foreign 
leaves. A very convenient method of detecting idioblasts is given by 
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Moeller ^ : — Small fragments of the leaf are wanned in a very strong solu- 
tion of caustic potash, and then placed under the thin covering glass and 
pressed finnly (see fig. 41). 

The surface-view of the leaf is different on the two sides ; the upper 
surface consists of small (‘06 mm.) cells, with wavy crumpled contours ; the 
under surface has larger cells (*07 mm.) of irregular wavy outline, and 
studded over with numerous stomata, formed of two reniform cells, of an 
average length of *00075 inch and breadth of *000588 inch. 

The hairs of tea are very characteristic, but not constant found ; they 
disappear from old leaves, but the under-surface of young leaves is always 
thickly beset with them. The hairs are 1 mm. long and about *015 mm. 
broad (see h, fig. 41). 

§ 232. Chemical Composition oj Tea. — The constituents of tea are — 
Essential oil, theine, boheic acid, quercetin, tannin, adenine, quercirtannic acid, 
gallic acid, oxalic acid, gum, chlorophyll, resin, icax, albuminous, tooody, and 
colouring matters, and ash. The essential oil of tea varies from 0*6 to 1 
per cent. It is citron-yellow, lighter than water, has a strong odour of the 
tea plant, solidifies easily by cold, and resinifios on exposure to air.^ 

( CH3N -CO \ 

CO C-N(CH3)\ j.—A crystalline 

CII3N — V 

sul^tance identical with 1, 3, 7 — trimethylxanthin — and therefore l)elonging 
‘_ttt''tne uric acid group of organic compounds; it can be synthetically 



formed by replacing in a methyl group the H of the NH of theophylliu. 
It was first separated in an impure condition by Runge, from coffee berries, 

' Mikroskopis der Ndhrungth u. OmusmiUel. Berlin, 1886. 

“ A fixed oil, Berving many purposes in China, is extracted from the seeds of the tw 
plant. It is oitron-ydlow, 8 ])ecifio gravity 0*927, and is oomposed of one jjait of stearin 
and one 9 ! olein. ' 
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in the year 1820, Tt was found by Corput and Stenhouse also to be a 
constituent of the loaves of the coffee tree. Oudry in 1827, finding it in 
various species of tea, named it ‘Theine,* and Oudry’s ‘Theine* Mulder 
and Jobst showed, in 1838, to be identical with caffeine. The alkaloid has 
also been discovered in guarana^ mat6, and the kola nut, by Martius, Sten- 
house, and Attficld respectively. 

Theine ciystallises from an aqueous solution with 1 molecule of water ; 
from ether, in an anhydrous state. It sublimes in minute dots at 78" *8 C., 
in crystals at 79 ‘4 C. (175* Fahr ), and above.^ The sublimate consists of 
microscopic needles : that which is first produced is of extremely fine, light 
elements; after a little time, at such temperatures as 120", the crystals 
become longer and larger. The melting-point of theine is somewhere 
between 177" and 228" C. I’lieine possesses a slightly bitter taste, but is 
without odour. According to a recent research, the solubility of theine in 
different solvents is as shown in Table XXIV. 


TABLE XXIV. — Solubility of Theine. 


Cbloroforni. 

Alcohol of 86 per \ 
cent, . . / 

Water, . . 

Absolute alcohol, 
Commercial ether, 
Carbon bisulphide. 
Purified anny - \ 
drouB ether, . / 
Light petroleum, 


100 grniB. of 
Solvent at 

15" to 17" 
disiolvod nt 
Theine. 

Coerticleni 
of Solnliility at 
16- to 17". 

100 grniB. of 
Solvent at the 
iKiiling point 
diHsoived of 
Theine. 



Coeftlclent of 
Boliibility at tiio 
boiling point. 
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1- 
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... 

12*07 


1/7-72 

... 

19*02 


1/6*25 

2-61 

2"80 

1/40 

1/44*4 

... 




1-47 

1*85 

1/68 

1/74-2 

49*73 

46*65 

1/2*01 

1/2*19 


0*61 

... 

1/164-7 


3*12 

... 

1/32 

0-21 

0*19 

1/476 

xjm 

... 

0*464 


1/220 

... 

0*0686 


1/1709 




... 


0*0487 

... 

l/'2288' 

... 

0*80 

... 

1/277 


X)"026 

... 

1/4000 


... 


... 


Thqine forms numerous salts of definite composition — the hydro- 
chlorates, HCl and CgHj^N^Og, 2HC1 ; a platinum compound, 

OgH^oN^Oo, HCl, PtCl^; a chloride of gold compound, CgllmN.O^, HCl, 
■ '^loride of mercury compound, 2Hg01; aii argentic 

npouiid, CgHioN^Ojj, AgNOg, and many others.* Some of these, 
the silver compound, separated from a concentrated watery 

e subliming jKiint given by Pelouze, 178** C., and by Mulder, MT C. , must have 
obtained by extreraoly faulty metbodfi. If a little theine is placed between two 
i-glasses on tbe wate^bath, tlw almost instantaneous rise of crystals to the upper 
glass will at all events show that tlie snblinung point is below 100* C. See Tempera- 
ture at which the Alkaloids Sublime,” by A. Wynter Blyth, /oumal of Chemical 
Soeiet/jL 1878. 

* The salts with hydrochlorio, hydrohromio, and sulphuric aeids ate decomitosed by 
water. The sulphate crystallises with difficulty, the hydwbromide well Theine forms 
compounds with ^um acetate, citrate, sulphate, chloride, benzoate, donanute, and 
sdit^late. Tlisldt gives no precipitate with potassium mercuric iodide, and it has a 
neutral leactidd: Sm Tantet, v, Pham, Chm, [61 v.. 691^606. 




solution, and the mercury compound, almost insoluble in other, and 
capable of being dripd at 100* C., might possibly be of use in the estimation 
of theine. 

Theine is, in large doses, a poison. Frerichs, C. J. Lehmann, Huscmann, 
and others, have made themselves the subject of experiment. Ijehmann, 
after taking *5 grm., suffered from frer]nenoy of the pulse, irritation of 
the bladder, cerebral excitement, slight hallucinations, and, lastly, desire 
to sleep. Husemann took *25 grm. with somewhat similar symptoms. 
Pratt, with subcutaneous injections of from *12 to *8 grm., suffered from 
symptoms rather different from the foregoing; *3 grm. lessened the pulse 
and caused sleeplessness ; *4 to *5 grm. quickened the pulse, and caused a 
desire for frequent micturition, but no dilation of the pupil ; *8 grm. 
caused great unetisiness and anxiety, trembling of the hands and arms, 
so that he was unable to write, and later a restless sleep, with continual 
dreaming. In opposition again to all these statements, is that of the 
late Mr. Cooley,^ who is said to have taken 20 grains (1*29 grms.) of pure 
theiiie every day for a month without experiencing any other symptom 
than some slight elevation of spirits. According to Strauch, the least 
fatal dose for cats is *25 grin., a quantity which killed a cat in thirty-five 
minutes. In all experiments on animals there has been increased frequency 
of the heart’s action, and repeated emptying of the bladder and intestino. 
No case of poisoning in the human subject appears to be on record. 
When given to animals it has been chemically separated from the blood, 
/^^ine, and bile. 

Tenta fov Theine . — Concentrated sulphuric and nitric acids dissolve 
theine in the cold without the production of colour. If the alkaloid is 
treated with fuming nitric acid, and evaporated to dryness, the reddish- 
yellow residue becomes, when moistened with ammonia, of a splendid 
purple-red colour. If a solution of theine be evaporated with chlorine 
water in a watch-glass, a red-brown residue is obtained, whiSh on cooling, 
and exposure to the vapour of strong ammonia, becomes purple-violet. 
The chief precipitants of theine are — phospho-inolybdic acid, yellow 
precipitate ; iodine with potassic iodide, dirty brown precipitate ; chloride 
of platinum, yellow hair-like crystals, insoluble in cold hydrochloric acid, 
slowly separating; chlondes of gold, mercury, and nitrate of silver also 
give precipitates. * 

Sokeic Acidf C 7 HioO^, was first separated by Rochleder in 1847 * from 
the leaves of Thea sinensis^ but other observers have failed to find this 
acid. 

Tea Tannin — £d. titrauss and Bernard Grandmongen (Zeit. angew. 
Chm,t 1907} have succeeded in obtaining the tannin of tea as a nearly 
white powder by extracting with chloroform and alcohol, precipitating 
impurities with water, then forming 4he lead compound, freeing this fr<m 
lead by SH^, and finally precipitating an alcoholic solution of the tannin % 
anhydrous ether, 

Q^re'tann/ic Add^ first discovered by Chevreul and Brandt 

in the Qucrcus tinetoria^ ana stated by Hlasiwets to be m tea leaves, can 
be crystallised from an aqueous solution. It forms stilphur or chrome- 
yellow microscopic tables, containing 3 molecules of water, part of which is 
expelled at 100*, -the rest at from 105* to 200* C, Its reaction is neutral, 
and it is without odour, Wt has a marked bitter taste when in solution. 

^ Vide Oooley’g ** OictioQszv of Praotioal Recipes,’* Art Oaffelne. 

* Rochleder: Ixiii. 202. 
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It melts at from 160* to 200* C. to a resinous, amorphous mass. Its solu- 
bility is as follows:— Cold water 2485, boiling 143; cold absolute alcohol 
23 3, boiling 3 ’9 ; ether dissolves it slightly, warm acetic acid copiously. 
Sugar of lead precipitates almost completely; the precipitate is soluble 
in acetic acid. 

first obtained by Kigaud, 1854, from the splitting up of 
quercitannic acid, is, according to Filhol, to be found in the green leaves 
and flowers of all plants. Its formula is given as Cigllif^Oy; it forms 
fine yellow needles, or a citron-yellow powder, which gives up, at a 
temperature of 120“ C., 7 to 10 per cent, of water of crystallisation. 

It melts, according to Zwenger and Dronke, above 260“ C. without 
decomposition, solidifying again in a crystalline mass, and it may be 
also sublimed with only partial carbonisation. It is very little soluble 
in water. Warm acetic acid dissolves it copiously, but it separates on 
cooling. It is soluble in 229*2 parts of cold, and 18*2 parts of hot 
absolute alcohol. A solution of quercetin colours linen bright yellow ; 
sugar of lead precipitates the alcoholic solution cheriy red, and chloride 
of iron dark red. A combination with sodium or potassium can be 
obtained, NagOjCjgHi^jO^. 

The other constituents of tea are too well known to need description. 


Composition op Tea. 


§ 233. The mean of sixteen analyses quoted by 
following : — 

Water, 

Nitrogenous substances, ....** 

Thoine 

Ethereal oil ! ! *. 

Fat, chlorophyll, .wux, ...... 

Gum and dextrin, 

Tannin, 

Other nitrogen free matters, ..*.!! 

Woody fibre, 

Ash ; 


Konig gives the 


Percent. 
11*49 
21*22 
1*35 
•67 
3*62 
7*13 
12*36 
16*76 
20 ’30 
6*11 


100*00 


And this may be taken to represent average tea. The annexed table 
gives determinations of several constituents of teas in Kussian commerce 
by Dragendorff— -the chief features of which may bO summarised as 
follows : — 

Dragendorfs Analyses of Twmty4%fee Teas in Hussian Commerce. 


Water, , . , . . 

Fjctraot, . . . , . 

Theine, 

Tannin (4 determinations only), 


Mean. 

Maxlmnm. 

Minitcnnin. 

Per cent 

Per cent. 

Percent 

10*00 

12*66 

. 7*10 

82*67 

44*60 

24*80 

1*90 

8*09 

1*88 

11*42 

9*42 

12*70 

S'23 

6*82 

5*28 






An interesting research on the changes taking place in the tea-plant 
through age has been made by 0. Kellner.^ Tea leaves from the same 
plants were collected twice a month from May to November, and a sample 
also obtained at the end of the twelve months. The mjiin results may be 
briefly summarised thus:— The water regularly dimiiiisiicd from 76 to 60 
per cent.; the theine in the young leaves amounting to 2*85 per cent, of 
the dried substance diminished to *84 per cent, of the old dried leaves, and 
the total nitrogen from 4*91 to 2*67 per cent. The nitrogen from the 
amido-acids, equal in the first month tfo *66 per cent, of the dried substance, 
rapidly decreased, so that in September the amido-nitrogen only attained 
*08 i)er cent., and in the twelfth month was still less — viz., *01 per cent.; 
since the theine did not diminish in anything like the same proportion, the 
inference is that the amido-nitrogen became theine-nitrogen. On the other 
hand, the tannin increased from 8 to 11 or 12 per cent., and the ash from 
4*69 to 5*14 per cent. It is, therefore, clear that in young tea leaves there 
is more water, more theine, and more amido-acid than in old leaves. 
Whereas in old leaves, with the decrease of the constituents mentioned, 
there is more ash and tannin. 


Microscopical Methods op Detecting Adulterations in Tea. 

Preliminary Emmination of Tea . — The tea leaves should be soaked in 
.dio?^^ 7 ater, carefully unrolled, and their shape and structure examined. 
Sections of leaves can be m^e by placing them between two pieces of 
coik, aq^ cutting fine slices oflF both the cork and the enclosed leaf j on 
floating the sections in water, the film of cork may be readily separated 
from the leaf. The epidermis of the lower or upper surface can, with a 
little practice, be detached in small portions by the aid of a sharp razor, 
and examined in water, glycerin, or dammar balsam under the microscope. 
Its structure has been already detailed. 

§ 234. Process for the Examination of Leaves and Vegetable Tissues 
generally under the Aftcrosrqpe.— One of the authors has suggested an easy 
process for examining vegetable leaves. A portion of a leaf is enclosed 
between two of the thin circles of glass used by all microscopists, and a 
weight having been placed upon the upper glass, the portion of leaf tlius 
enclosed is heated with a strongly alkaline solution of permanganate of 
potash. The action begins at once, and the substance under examination 
must l>e examined from time to time to see that the oxidisation does not 
proceed too far. Alkaline permanganate attacks the colouring matters and 
the contents of the cells first, and afterwards the cell membranes; the 
object of this treatment is to make j^e leaf transparent, and yet to preserve 
its structure. Tea leaves are very opaque, and it is impossible without 
some mechanical or chemical treatment to render them transparent.^ 
When from the appearance of the leaf-fragment the oxidation is considered 
sufficient^ it is removed, washed in water, and treated with a little strong 
hydrochloric acid, which at once dissolves the manganese oxide that has 
been precipitated on the leaf, and leaves the latter as a translucent white 
membrane, in which the details of structure can be readily made out— tea- 
leaf in this way being quite diflerent in appearance from other leaves. A 
second method of very great value is to place a fragment of a leaf between 

1 Land. Vvrmuda. Slot., 1886. 870-880. Jcum. Chm. Soe., Jan. 1887, 78. 

* See also method to diBcover Hdioblaete,’ deecribed at page 823. 
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two circles 1 of f^lass, weight the upper one with a silver coin, and burn on 
a bit of sheet platinum the leaf thus prepared. Since it is impossible for 
the ash to curl up and become disarranged, a complete skeleton of siliceous 
ash remains, which may be called the Meton ash. 

These skeleton ashes of leaves (so far as the authors have hitherto been 
able to investigate the subject) show such decided differences the one 
from the other, that a great number of leaves may with a little practice be 
recognised by this method alone. Qt is particularly useful in detecting 
the adulterations of tobacco, the skeleton-ash of the tobacco-leaf being 
special and peculiar.] It is sometimes well not to bum to an absolute ash, 
but to leave little bits of partially-consumed carbon, forming objects for 
the microscope of great beauty. To preserve the ‘skeleton- ash* the two 
circles may be cemented together, or the edges may be fused by tlie flame 

Figs. 43, 44, 45 and 46 ai’e examples of skeleton asheSy as di awn on the 
block to scale. ^ 



§ 236. CJiernicdl Method for the DeterMon of Foreign Leaves in Tea,— 
A chemical method for the detection of foreign leaves (adulterants) was 
first described by one of us in June 1877.2 n jg based upon two facts— 
first, that evejy part of a f/^CTwe-producing plant — wood, stem, leaf, 
flowers, and even hairs — contains theine: and, secondly, that this can 
be rdadily sublimed. The leaf, or fragment of a leaf, is boiled for a 
minute in a^w^atch-glass with a very litjjle water, a portion of burnt 
mi^Gsia equal in bulk is added, and the whole heated to boiling, and 

^ That is, the covers of thiu glass used by the xnioroscopist. 

® " Micro-Chemistry os applieil to the Identification of Tea Loaves.” By A. Wyntet 
Blyth. 1877. 
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rapidly evaporated down to a large-sized drop. This drop is transferred tc 
the ‘subliming cell/ described fully in ‘ Poisons/ 1 and if no crystalline 
sublimate be obtained, when heated up to 110* C. (a temperature far above 
the subliming point of thoine), the fragment cannot be that of a tea-plant. 
On the otlier hand, if a sublimate of theine be obtained, it is not con- 
clusive evidence of the presence of a tea-leaf, since other plants of the 
camellia tribe also contain theine. 

Finally, there is a negative test which may occasionally be valuable. 
All fragments of tea hitherto examined contain manganese, and there are 
a few foreign leaves in which manganese is constantly absent. Hence, if 
a leaf be burnt to an ash, and a fragment of the ash be taken up on a 
soda-bead to which a little potassic nitrate has been added, the absence of 
the green rnanganate of soda would be sufficient evidence that the leaf had 
not been derived from the tea-plant, while conversely, as in the case of 
theine, the presence of manganese is not conclusive of tea. 

Another portion of the tea leaves should be thoroughly bruised, spread 
on a glass plate, and ctirefully searched with a magnet for ferruginous 
particles — the so-called iron-filings, which are occasionally found, especially 
ill Capers and certain species of Congou, It is almost unnecessary to state 
that the black, irregular masses found in tea, and attracted by a magnet, 
are not metallic iron.^ Their chemical composition is somewhat variable ; 
they all contain magnetic oxide of iron, and many of them in addition 
phcf^^hate of iron, titanate of iron, quartz, and mica, with a little sand. 
They are, without doubt, sometimes an adulteration (the senior author has 
himself found over 1 j»er cent.), and sometimes an impurity, for in a few 
teas'mcfb traces only of this ferruginous sand maybe discovered. Any 
part iclcB of the kind extracted by the magnet should be collected and treated 
with hot^ water, which soon disintegrates them ; the adherent tea-dust is 
separate?!, and the sand dried and weighed. 

To detect facing, the tea in its dried state should be mounted as an 
opaque object.^ If it has the appearance of being heavily faced, soaking 
in warm water will soon detach the film; and indigo, Prussian blue, or 
similar substances will sink to the bottom, and may be collected and 
examined. Tndigo may be identified by the microscope. Prussian blue 
may be tested for by warming the deposit with caustic alkali, filtering 
acidifying the filtrate with hydrochloric acid, filtering again if necessary, 
and testing the filtrate with ferric chloride. The residue left after treat- 
ment with caustic alkali may bt‘ tested for magnesium silicate, by first 
extracting with HCl, and then collecting the insoluble residue, and fusing 
it with an alkaline carbonate. The silica is now separated in the usual 
way by evaporation with HCl to dryness, subsequent solution of the 
remaining ash in weak acid, and filiation; any lime is 'removed by 

^ Poisons : their Effects ani DeUctUm, By A. Wynter Blyth. 3rd ed., 1896, p. 268. 

® Mr. Allen appears to have found metallic iron in tea. The test for metallic iron 
is, that nitric acid, 1 *2 specific gravity, dissolves it with the production of red fumes ; it 
also preci] .tates metallic cop|)er, if added to an acidulate I solution of cupric sulphate. 

* The freing of tea is thus described by M. S. Julieu; “The leaves are mixed either 
with iwwdered indigo, with powdered plaster, or with slaked lime, sometimes even all 
three substance^ being put t^ether in small proportion to tea leave.s. Those matters 
are introduced into the basins at the commencement of the ojjeratiun, when the leaves 
begin to be covered with a light dew under the influence of heat. These matters attach 
themselves to the leaves, and communicate to them the bluish-green characteristic of 
green tea. . . . In certain manufactories Prussian blue is used instead of indigo.” 
“Industries Anciennes et Modernes de TEmpire Ghinois,” par MM. Stanifflans Julien et 
0. Champion. Paiis, 1869. . 
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aratnonia and ammoniac oxalate ; and lastly, magnesia is precipitated as 
ammon. mag. phosphate. Magnesia found under these circumstances must 
have been present as steatite or other magnesian silicate. 

Leaves Used, or supposed to be Used, as Adulterants. 

§ 236. The following is a brief description of the principal leaves sup- 
posed to be used as adulterants : — 

Beeeh (Fagun sylvatka), — The leaves of the beech are ovate, glabrous, 
obscurely dentate, ciliate at the edges, the veins running prallel to one 
another right to the edge. The leaf, slightly magnified, is seen to be 
divided into quadrilateral spaces by a network of transparent cells. On 
section, the parenchyma of the leaf is found to consist of an upper layer of 
longitudinal cells, and a lower of loose cellular tissue, enclosed between 
the epidermis of the upper and under surface. The whole section is thus 
divided into oblong sjiaces by trans])arent cells connecting the cuticle of 
the upper and lower surfaces. The epidermis of both the upper and lower 
surfaces is composed of cells with an extremely siniioiis outline (see fig. 47). 



The stomata are small, not numerous, and almost rotmd. Beech leaves 
contain manganese. 

Hawthorn {Cratiegus oxyaoantha), — At least two varieties, the more 
common of which is the 0 . momgyna^ with ohovate three- to four-deeplj 
lobed leaves, with the lobes acute. The leaf is divided into quadrilatera 
spaces, like the beech and many other leaves, by a transparent network 
The epidermis of the upper surface is composed of a layer of thin-wallec 
cells, generally quadrilateral, outline seldom sinuous. The epidermis oi 
the lower surface has a layer of thin-walled cells, with a very sinuous out 
line. Stomata large, distinct, and numerous, in many instances nearly 
round, but the shape mostly oval. (See fig. 48.) 

Camellia Sasmnqm, — The leaves of Camellia eamanqm are oval 
obscurely serrate (the younger leaves entire), dark green, glabrous, of some 
what leathery consistence ^ the lateral veins of the leaf are inconspicuous, 
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Micro-structure . — The parenchyma of the leaf is placed between tw 
thickened epidermal layers ; the epidermis of the upper surface, as see 
upon a section, forms a wrinkled, continuous, thick membrane, in which 
cellular structure is not very evident. Below this there are two or thr« 
layers of large cells, more or less oblong, with their long diameter at rigl 



Fig. 48. — Epidermis from tlie nndor hurfaco of ilio Hawthorn Lr-af, x 800. 

angles to tlio surface of the leaf; and underneath tliis again is a loot 
network of cells, resting upon an epidermis in every respect similar to the 
of the ujiper surface, but only half as thick. A thin layer of eitiier th 
upper or lower epidermis shows a peculiar dotted or reticulated appearanc 



Fro. 49.--Epidenni8 of under aurfr of tho leaf of the Camellia Sassanqua, x 300. 

not unlike the rugie of a ^ 4 ach. The lower epidermis is studded witl 
frequent stomata, small, aLd of an oblong shape (see fig. 49). 

Sloe (Prunue conrnuvu ). — The leaves of the common sloe are rathe 
small, elliptic or ovate-lanceolate in shape, and slightly downy beneatl 
The sectional thickness of the leaf is the same^^^ that of tea. The stomat 
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on the lower surface are scanty. The microscopical appearances are wholly 
different from those of tea leaves, more especially Jis seen in section. (See 
fig. 50.) 

GJUoranthus luronspicuus . — The leaves of the (Moranthus inconf^picuus 
are long, oval, serrate, wrinkled, the veins running nearly to the edge, and 
there forming a network in such a manner, that at the point of intersection 
little knots are formed, which give the margin of the leaf a very rough 
feeling. The structure of the leaf is very simple. The epidermis of the 



upper surface is formed of one or two layers of thin-walled cells, the 
epidermis of the lowur of one or two layers also of cells, and between the 
two there is a parenchyma of loose cellular tissue. The stomata 
are oval and rather numerous; their length is from '0010 inch, their 
breadth *00073 inch. The colls of the epidermis are large, some of them 
*005 inch or more in their long diameter.^ (See fig. 51.) 


The Chbmioal Analysis op Tea. * 

The sample is next submitted to chemical analysis. If the question to 
be decided is simply that of adulteration, the taste of the infusion, the 
percentage of extract, and a determination of the chief constituents of the 
ash are in most cases all that is necessaiy ; but a more or less complete 
examination embraces a quantitative estimation of hygroscopic moisture, 
theine, total nitrogen, tannin, extract, gum, and ash. 

§ 237. Hygroscopic ifowfttre.— The ordinary method of taking the 
hygroscopic moisture of tea is to powder as finely as possible an indeter* 

1 The leaves of EpiloUvm mgustifoUum {emnmon vnllow herh) are said to be exten- 
sively used in Russia for the adulteration of tea. The dried leaves are sold.for from four 
to ViX roubles a pound, and are used by the poorer classes in the place of. tea. Alcohol 
p^iftoes in infusidns of opilobium a precipitate of mucilage.— P/tam. ZeUsck,fiLr 
mashnd and Year-Book ofrhcurmaeiyf 1876. 
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minatc quantity of from 1 to 2 grms., and to heat it in a watch-glass ove 
the water-bath until it ceases to lose weight. It should be finally weigher 
between two watch-glasses, since it rapidly absorbs moisture from the air. 

The method given is in its results incorrect, since some volatile oil am 
a small proportion of theine are always volatilised. That theine is actuall 
lost is capable of rigid demonstration ; it is only necessary to heat a fo) 
leaves of tea between two watch-glasses over the water-bath, and thein 
crystals can bo readily discovered on the upper glass. To devise a j)roces 



of drying tea which will represent water only ip not easy ; but since the los 
both of volatile principles and theine does not materially affect the results 
it is scarcel}’^ worth while to complicate the analysis by the use either of j 
lower temperature or of ‘processes of absorption. The highest amounts o 
moisture in a genuine tea which are on record are two specimens fron 
Cachar, analysed by Professor Hodges — the one (indigenous) gave 16*01 
per cent., the other, a hybrid, 16*2 per cent. These were, however, no 
commercial teas, and appear to have been simply dried' in heated rooms 
The average hygroscopic'moisture found by Mi, Wigner in thirty-five teas 
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jonsiating of Hysons, Capers, Souchongs, Gunpowders, and others, was 7*67 
per cent., the driest teas being the Hysons and Gunpowders, the moistest 
Iho Congous : — 

Per cent 


Tlio maxinuini amount of moisture found in Hyson, . 
Tlie minimum ,, ,, ,* • 

The maximum ,, „ Gunpowder, 

The minimum 
The maximum „ • ,, Congou, . 

The minimum 


5 - 68 
4-84 

6 - 55 
4‘94 

10*33 

6-36 


§ 238. The FMmtion of Theim or Caffeine , — The modem processes for 
extracting theine fall chiefly under three heads ; — 

(1.) Kxiradion hy treating a decoction of the iheine-containimj suhstancea 
with lime or hnmt maynesidf erxqyoration to riryness, and aubaequeM solution 
hy chloroform, ether, or benzine. — 'I’hc fundamental idea of this process, 
perhaps, belongs to Miiller ; it has also, with various modifications, l)een 
recommended by Clo\ia, Commaille, DragendorfF, and many other chemists. 

Commaille adopts the following method : — 5 grms. of the finely 
powdered and carefully sifted substance are made into a hard paste 
with 1 grm. of calcined magnesia. This, after standing for twenty-four 
hours,- is dried upon a water-bath and powdered. The resulting green 
powder is exhausted three successive times in a flask with boiling chloro- '' 
form, the flask being connected with an inverted Liebig’s condenser, so 
the action may bo continued for a long time. The cool solution is filterM&f 
the chloroform recovered by distillation, and tb||||Mdue in the flask 
This residue consists of resinous fatty matters lH|lieino ; the foi;mef'’‘^^ 
removed by treating the contents of the flask with^bt water and 10 
of powder^ glass, which have been previously washed with dilute h^ro- 
chloric acid. The water is boiled and the contents shaken up witli the glass ; 
the resinous matters attach themselves to the latter in the form of little 
globules. The solution is poured on a wet filter, and the residue completely 
exhausted by repeated boiling with fresh quantities of water. On evaporat- 
ing the united ^trates in a tared capsule, pure theine is left in the form 
•of white crystals. 

Dragondorff takes 5 grms. of the substance, exhausts it with boiling 
water, evaporates to dryness, adding 2 grms. of burnt magnesia and 5 of 
ground glass ; the finely powdered residue is soaked in 60 o.o. of ether for 
twenty-four hours, and finally thoroughly exhausted by ether. The latter, 
when separated and evaporated, leaves the theine in a tolerably pure state. 
He also states that ether may be replaced by chloroform. Cazeneuvo and 
Caillot recommend a very similar process, but magnesia is replaced by 
recently slaked lime, ether by chloroform. Markowuikoff uses benzine 
instead of the solvents mentioned. 

In all the above processes there is one source of error which does not 
appear sufficiently guarded against — viz., loss of theine during the evapora- 
tion to dryness, since it is absolutely impossible to evaporate a decoction 
of tea and magnesia to dryness at 100* C. without loss of the alkaloid — a 
loss which, so far as our experiments go, does not take place until the 
mixture is quite dry. The following modification may therefore be 
proposed : 4 to 5 grms. of the tea are boiled in a flask provided with an 
inverted Liebig’s condenser for a couple of hours, the liquid and leaves are 
transferred to an evaporating dish, some magnesia added, and the whole 
concentrated to a pas^ condition. This paste is treated and thoroughly 
exhausted by chloroform ; the latter is separated and evaporated, and the 
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cbloroformic extract redissolved in a little boiling water, the solutioi 
filtered, evaporated to dryness at a very gentle heat, and weighed. 

(2.) Simple Treatment of the Powdered Leaves by Solvents,-— LcgrU anc 
Petit soften the leaves first with boiling water, and then extract the moist 
mass by the aid of chloroform. Other chemists simply exhaust the 
powder^ substance by chloroform *or ether ; subsequent purilication may 
of course, bo necessary. 

(3.) Sublimation.— A method of utilising tea dust by making it a source 
of theiue, was recommended by Heijnsius {Journ. Prak. Chem., xlix., 317) 
The tea dust was simply treated in a Mohr’s benzoic acid subliming 
apparatus. Sten house improved this process by precipitating either j 
spirituous extract, or a decoction of tea by acetate of lead, evaporating th< 
filtrate to dryness, mixing the residue with sand, and subliming. Tiiesf 
profjcsses of sublimation, however, wore proposed simply for the extraction, 
not the estimation, of theine. 

One of us, in 1877,’ proposed tlie following quantitiitive method o 
sublimation : — A convenient quantity of the tea was boiled in the wa^ 
mentioned, magnesia added, and the whole evaporated to a paste, whicl 
was spread on a thin iron plate, and covered with a tared glass funnel 
The heat at first was very gentle, but was ultimately raised at the latei 
stages of the process to 200“ C. The theine sublimes perfectly pure anc 
anhydrous, and forms a coherent white coating on the sides of the funnel 
Ihe'i/icrease of weight is simply anhydrous theine. To ensure success it i< 
absolutely necessary — 

(1.) That the layer bft as thin as possible, 

(2.) Thai the heat be only gradually increased. 

(3. ) That the mixture be occasionally cooled, and then thoroughly stirred 

(4.) That the sublimation be prolonged for a sufficient time. 

The sublimation is finished when a funnel, inverted ever the substance 
heated to about 150* C., and left for half an hour, shows i?o crystals 

An improvement on this process is to place the paste on a ground glasi 
])late, to which a flanged funnel has been ground so as to fit air-tight 
The apparatus is then connected with a mercury-pump, and an absolub 
vacuum produced. By the aid of a shallow sand-bath, the theine may b< 
sublimed at a very gentle heat. 

§ 239. Determination of Total Nitrogen.— Veligot and Wanklyn have laii 
particular stress on the large amount of nitrogen contained in tea leaves 
This nitrogen is, of course, largely dependent on the theine, and it is quet 
tionable wliether, with the improved methods for the extraction of the lattei 
it is w(>rth while to make a combustion, more especially as the exhauste 
leaves are highly nitrogenous, from the presence of an albuminous bodj 
The N may be determined by Kjeldahl’s method or by combustion wit 
copper oxide. The following are a fcv. determinations of total nitrogen 

P«r cent. Annlywwl by Per cent. Aliened 1 

A Bample of genuine tea 60 Black teas, . . . 3*26 Wigrte. 

from Caebar, . . . 4'7'i Hodges. 6 Assam teas, . . . 3’64 „ 

A hjlirid variety from OCaper'oas, . . . 3*32 „ 

Gacuar, .... 2’81 „ Assam tea, from Dr. 

Another sample from Caebar, 4*42 „ M'Namara's garden, . 8‘88 „ 

Sample taken from 60 green. Sample of exhausted leaves, 3 ‘80 „ 

teas slightly faced, . . 8*76 „ 

§ 240. Determination of Tannin.— Ihe methods proposed for th 
determination of tannin are very numerous. Four only, however, requii 
any notice here — viz., the gelatin process, the copper process, Mr. Allen 
acetate of lead process, ^ LowefithaTs process.^ 

^'Qp,ciL 
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(1.) By Gelatin, — The best process by gelatin is decidedly that which 
dispenses with tiic drying and weighing of the precipitate. A solution of 
gelatin is carefully made by first soaking the gelatin in cold water for 
twelve hours, then raising the heat to 100” C., by placing the bottle on the 
water-bath (the strength should be about 3 per cent.), and finally about 
*8 per cent, of alum should be added! A portion of the solution thus 
prepared is put into an alkaliineter lisisk {e.g., Schuster’s), and carefully 
weighed. A solution containing a known quantity of tannin is now titrated 
with the gelatin until a precipitate no longer occurs; the flask is 
reweighed, and the loss shows ap 2 )roximately the strength of tlie solution. 
One or two more exact determinations will be required to get the correct 
value. It is necessary to allow the precipitate now and then to settle, and 
a few drops of the supernatant fluid should be placed on a watch-glass, to 
which a drop of gelatin may be added, and thus the point of satui'ation 
ascertained. The tannin in a decoction of tea is, of course, estimated on 
precisely similar principles. 

(2.) Copijer Process, — When a single determination of tannin is required 
it is best to precipitate by copper-acetate. 2 grins, of tea arc boiled f(;r an 
hour in 100 c.c. of water, the solution filtered, the filtrate boiled, and 
while boiling 20 to 30 c.c. of solution of copper acetate [1 : 20] added. 
The precipitate is collected, dried, burnt to an ash, oxidised with nitric acid, 
and again ignited and weighed. 1 grm, of CuO=: 1-3061 of tannin, if 
Keler’s* figures be accepted ; if Woolf s,^ then 1 grm. CuO = 1-304 tannin. 

(3.) Mr. Alienas Lead Process.— k filtered solution of lead acetate *5 per 
cent., a solution of 5 mgrms. of pot. ferrideyanido, 5 c.c. of strong ammonia 
water, and 5 c.c. of pure water, and lastly, solution of pure tannifi (-1 per 
cent.) are required. The process essentially depends upon the precipita- 
tion of tannin by lead acetate, and using aminoniacal pot. ferrideyanide as 
an indicator. The latter agent strikes a pink colour with tannin. The 
solution is standardised by taking a known volume of the lead solution, 
and dropping in the bximin liquid until a small portion filtered gives a pink 
colour with the indicator. 

Tea is tested in a precisely similar manner. Mr. Alienas method is 
'tolerably speedy and accurate. The final roa(^tioii is, however, somewhat 
difficult to observe. 

(4.) LuwenfhaVs Process. — Up to the present time this method (originally 
worked out for barks) is the best we possess ; it depends on the oxidation 
by permanganate, and indigo is used as an indicator. It not only gives 
us the tannin, but the amount of other astringent matters as well. The 
following solutions are required ; — 

i l.) A solution of potass, pennanganate, 1'333 grms. per litre. 

2.) Precipitated indigo, 5 grms. per litre. 

(3.) Dilute sulphuric acid (1:3). 

(4.) Asolution of gelatin, 25 grms. to litre, saturated with sodium chloride.® 

Dingier' B Poly, Joum.y ccxxix., 81. 

® ZcUschrift f. an. Chein., 1, 104. 

* Lbwentlial piepares the solution by stoepinc 25 grms. of the finest Cologne glue in 
cold water over night ; it is then melted on the water-bath, saturated with NaO^l, and 
made up to 1 litre with saturated NaCl solution, filtered, and kept well corked. 

Precipitation by Cinchonine Sulphate,— In 1876 Clark ^ precipitated the tannin of tea 
by cinchonine sulphate and estimated the excess of oiuohonine by means of mercury 
potassio iodide. Recently Chapman has estimated the tannin in hops by direct weighing 
of the precipitate, He considers the oorapoundj when dry, to contain 60 per cent, tannin. 
The author has tried tlie ]»rocess on tea, but has not fouuil either process satisfactory. 

1 Amer. Chem. Journal, 187% * Joum. ln»t. of Drtwing, No. 7, vol. Iv , 1907. 
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(6 ) A saturatea solution of pure salt, containing 25 o.c. of sulphuric, 
or 60 c.c. of hydrochloric acid per litre. 

'I’he analysis as applied to the determination of tannin in barks is 
performed thus: — 10 grms., say, of sumach are taken and exhausted by 
boiling with water, and the solution made up to I litre ; of this infusion, 
10 c.c. are mixed with 75 c.c. of water, 25 o.c. of the indigo solution added, 
and 10 c.c. of the dilute sulphuric acid. The permanganate solution is run 
dro]) by drop from the burette with constant stirring, till the blue colour 
changes to yellow, when the amount of permanganate used is noted (x). 
The same process is repeated with indigo and sulphuric acid, and the 
amount rc'ad off (?/) ; subtracting y from a; = total astringent matters. The 
permanganate oxidises both tannin and indigo ; but tlie tannin being the 
easier to oxidise, is cousimied fii-st. In order to obtain accurate results, 
the propoition of indigo should be such as to require about twice the 
(puintity of permanganate which would be consumed by the tannin alone. 
Thus, if indigo alone requires 10 c.c. of permanganates to decolorise it, the 
indigo and tannin together must not take more than about 15 c.c. ; if it 
does so, the tannin must be diluted accordingly. 1'he total astringent 
matters being kiunvn, the next step is to throw the tannin out, and estimate 
the gallic acid and impurities. 100 c.c. of the infusion arc mixed with 
50 c.c. of the salted gelatin infusion ; after stirring, 100 c.c. of the salt acid 
solution are added, aiici the mixture allowed to stand for twelve hours. It 
is. then tiltered, and an aliquot jmrt of the filtrate is oxidised by perman- 
ganate and indigo, as before. 

Liiweiithal gives the following example : 10 grrns. of sumach were boiled 
in 750 c:^. of water and after cooling made up to one litre : — 


(1.) 10 C.C. of sumach infusiou, 
25 c.c. of indigo solution, 
Do., 


j consumed, . 
repeated, . 


50 c,c. of indigo solution alone, 

Total permanganate for 20 c.c. of sumacli, 
(2.) 60 c.a mtraUi from tlio gelatin, U„„sumed, 
25 c.c. indigo solution, ) 

Do,, repeated, 


50 C.C. indigo alone, 

Gallic acid and impiuitics, 


Pormimgaiiate. 

16*0 

♦ 

83-1 
U-2 
19*9 
11*2 
11-1 
22 -S 
13*2 
9*1 


Deducting 9*1 c.c. from 19’9 c.c. equals 10*8 c.c. as permanganate 
equivalent to the tannin of 20 c.o. of sumach infusion, or 0 2 grm. of drj 
sumach. It is well to ascertain the value of the permanganate solution b] 
oxalic acid, adopting the numbers given by Neubaucr and Oser— viz., thai 
0'063 oxalic acid is equal to 0 04167 pdio-tannic and *062355 quercitauni< 
acids. Should it be preferred to use tannin, the purest commercial tamiii 
must bo precipitated by lead, the precipitate freed from lead in the usua 
way, and the solution of pure tannin then evaporated to complete dryness 
and a solution of convenient strength made. The process requires bu 
little modification to be* applicable to tea.^ 

1 F Becker has proiiosed {Chem. Kem, xli., 229) to estimate tannin as follows:— 61 
c c of a solution of methyl violet— *6 per cent, strength— is made up to half a litre an( 
heated to 60“, it is then standardised by a 1 per cent, solution of tannin ; which is mn ii 
until all the colouiing-matter is precipitated and the filtrate is colourless. Whei 
operating on solutions of unknown strong, guided by the first rough essay, they shouli 
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The amount of tannin in genuine teas seems to bo variable. S. Jankc, using the acetate 
of coi)])er process, lias determined the tannin in eighteen samples of black tea, and found 
IS a maximum 9*142 per cent., as a minimum 6*922 i)Oi‘ cent., and as a mean 8*1 per 
scut. Throe samples of green tea gave 9*94* 8*66, ana 9*67 per cent, Mr. Wigner, as a 
sample of very astringent teas, gave the following — 


Per cent. 


Moyono young Hyson, 39*0 

Very choice Assam, 33*0 

Indian young Hyson 39 ‘0 

Assam tea from Dr. M‘Namara’8 gai-den, . . 27*7 

Caper, mixed, . , . . . . . 42*3 


Exhausted tea leaves yield from 2 to 4 per cent, of tannin. A tea 
giving only 6 per cent, of tannin is to be regarded as suspicious, but care 
must be taken not to rely upon any single indication. 

§ 241. Tlw Extract . — The extract is a measure of the soluble matter in 
tea. Peligot exhausted the leaves and then redried them, and thus esti- 
mated the soluble matter by difference. Wanklyn, however, has proposed 
a more rapid and convenient method. It consists in taking 10 grms. of 
tea, and boiling with f)00 c.c. of water, the flask being adapted to a Liebig’s 
condenser. When 50 c.c. are distilled over, the process is stopped, and the 
60 c.c. returned to the flask; 50*3 grms. of the hot strained liquid are 
then weighed out and evaporated to dryness. Wigner boiled with a 
vertical condenser for an hour, and found that 1 per cent, strength yielded 
the most constant results. Perhaps, on the whole, the best process is the 
following : — Place one part of tea in 100 of water, boil for one hour with a 
vortical condenser, and then take an aliquot part of the filtered liquid for 
evaporation. In every case the time occupied in boiling, and the /itrength, 
should be mentioned in reporting, for two analysts operating by different 
methods may differ os much as 6 or 8 per cent. — the soluble matter not 
being entirely removed for a very long time. Since the substances that 
arc at once dissolved are really those upon which its commercial value 
depends, it is a question whether it would not be better simply to pour 
boiling water on the leaves, lot the infusioi] stand for one hour, and then 
estimate the extract, calling it extract of infusion. 

Any addition of exhausted leaves lowers the percentage of extract. 
The following are some determinations of extract : — 

Anal^d by 
Peligot. 

> • 

M 
II 
II 
II 

Wigiier, 

It 
II 
*1 

II 
II 
II 

be dilutS^, or concentrated to about 1 pw cent. If this rae^ibd; be It would 

be well to some pure gallo-tannic acid from tea, and to use ms Substance for the 

purpose of stafrv^iwog. 


Java tea, dried, 

,, notdned, 
ordinaiy, dry, 
undried, 
powder, dry, . 

„ undried, 

uSTirf, 
Moyone Gunpowder, 


Im^teiial, diy, 

,, notdned, 

.. diy, . 

„ not dned, 


Per cent. 
36*2 
32*7 
41*6 
88*0 
51*9 
48*5 
60*2 
46*9 
40*7 
39 -3 
38*6 
87*9 
83*8 
48*1 
89*6 
47*9 
44 0 



1 2ftl.] 


5* Wa." 




Hyson, dry, .... 


Per cent. 

47-7 

Anulysed by 

Peligot. 

,, not dried, . 

Hyson skin, dry, . 


43*8 

43*5 

M 

„ not dried, . 


89*8 


Congou, .... 


36*8 


,, dried, ... 


40*9 


,, bon, 


40*7 


„ „ drifMl, 


46*0 




38 -0 

Wigner. 



29*8 

)) 



29*8 




26*2 

9 $ 

Caper, dried, 


2 G *1 

Peligot, 


39*3 

„ not diiod, . 


35*8 





87*9 

Wigucr. 




37*7 

II 




32*4 

II 




30*0 

Peligot. 

Assam, dried, 


45*4 

,, not dried, . 


41*7 

Hyson, 


33 *3 

Wigner. 


36 ‘8 

99 

Moyone Young llysoL, . 

Tea direct from China, dry, . 


44*8 

Wanklyn. 


41*7 

9> >1 • • 


40*2 

II 

>> • • 


41*2 


Indian tea, dry, . 


33*9 

A. Wyntcr Blyth. 

,, . . . . 


43*8 

Wigner. 

Broken Indian, 


43*4 

Indian Souchong, . 


32*5 

[[ 

Scented Orange Pekoe, , 


34*2 


Manuna, fine, 


37‘0 

Wanklyn. 

Himalayan Tea, . 


38-6 

,, ... 


35*4 


TABLE XXV. 



ZOLLEK. 

lIonoEs. 

ZOLLER. 

Wigner . 


Ash of 
fine young 
Himalaya 
Tea. 

Tea from 
Cachar 
(imligen- 

Tea from 
(/'achar 
(hybrid). 

Exhausted 

Tea 

Leaves. 

Ash of a 
number of 
Mixed 
Black Teas. 

Ash of a 
number of 
Mixed 
Green Teas. 

Potasli, 

89*22 

35*200 

37*010 

7*84 

30*92 

28*42 

Soda, 

0 * 6.5 

4*328 

14-436 

0*69 

1*88 

2*08 

Magnesia, . 

6*47 

4*898 

5*910 

11*45 



Lime, 

4*24 

8*988 

5*630 

10*76 



Qxide of iron, . 

4*38 

2*493 

J -488 

9*63 

... 

... 

Manganous oxide. 

1*08 

1*024 

0*500 

1*97 


... 

Fliosphoric acid, 

14*66 

18*080 

9*180 

26*41 



Suliihuric acid, . 

trace. 

6*040 

6*322 

trace. 

4*88 

6*66 

Chlorii.o, . 

0*81 

8*618 

2*620 

trace. 



Silica a.id sand, . 

4*35 

0*600 

1*800 

7*57 

i '*70 

7*60 

Charcoal, . 

... 

2*900 

1*880 

... 



Carbonic acid, . 

24'dO 

18*690 

12*600 

26*28 

11**60 

6’*48 

Percentage of ) 
total ash sol* > 

100*00 

100*00 

100*00 

100*00 

67*00 

52*86 

uble in water, ) 

, 



I 
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§ 242 .] 

Since the extract of genuine tea appears to vary from 26 per cent, up 
to more than 50 per cent., it is unfortunately of no very great value for 
purposes of valuation. The extract, after being weighed, is burnt up to 
an ash, which will always be found to be heavy, rich in alkaline salts, and 
varying usually from 4 to 7 per cent. 

§ 242. Thfi Affh , — The percentage of total ash is taken by burning up 
1 to 5 grms. of the tea in a platinum dish. The leaves readily ignite, and 
the operation may take place at a very low temperature, so that there is, 
with care, very little volatilisation of chlorides. The comparative com- 
position of the ash of fresh and of exhausted tea leaves is sho^vn in Table 
XXV. 

The ash, on being cooled and weighed, is next boiled up with a little 
water, the soluble portion filtered from the insoluble, and washed in the 

TABLE XXVII. 



Total Ash. 
Per ceut. 

. . 






Ash solubl 
in Water 
Per cent. 

Ash solubl 
in Acid, 
Per cent. 

Silica. 

Potash. 

Authority. 

Average of 17 oixlinary’ 
"'Teas from original chest, 







G. W. Wigner. 

coiisisitiiig of 2 Indian, 


rr76 

3-07 

2-25 

0-43 

1*38 

12 Congous, 2 Cun- 
luiwdoj, and 1 Hyson, 




2-87 

0-76 



Maximum, . 

6-03 

3 -35 

1-88 

II 

Miuiiuum . 

6-58 

2-75 

1-99 

0-16 

1*17 

>1 

Average of 26 special Teas, 

6*96 

3-33 

2-09 

0-.63 

1-38 

II 

Maximum 

7*02 

3-88 

2*68 

1'67 

1-96 

,, 

Minimum 

6*17 

2-64 

1-33 

0-04 

1*08 

>1 

rTeiiuine Indian Tea, . 

5-61 

2-90 




A. WynterBlyth. 

Common Tea, . 

6-92 

3-65 




Wanklyn. 

Paraguay Tea, . 

Average of 7 Teas, 

6-?8 

6-76 

4-22 



... 

A. S. Wilson. 

M 9 . 

6-66 

3-60 




A. H, Allen. 

ITomimau’s p. black, . 

5-30 

3-50 




• I 

» green,. 

6-60 

3-80 


... 


II 

Ambrosial black, 

6-60 

3-40 


... 


II 

Genuine black, 2s. 6 d. lb., 

5-60 

8-09 




1 1 


5-70 

8*28 



... 

,, 


6*02 

3-26 




II 


6-34 

3-20 



... 

II 


6*10 

3-96 



... 

' II 

tt II 

,, 3s. lb., 


6-76 

3*06 




II 


6-50 

3-56 




• 1 

Broken leaf, witli stalks, . 

5-40 

2-80 




,, 

Caper (4*8 silica), 

Mixed dry exhausted leaves I 

11-40 

4-30 

l-,60 i 
0-.')2 




II 

from various Teas, . / 





Coffee leaves, 

10-82 

8-77 



... 

11 

Wanklyn. 

Beech, .... 

4-62 

2-00 




Bramble, . . . ^ 

4-53 

1-84 




11 

Raspberry, 

7-84 

1-72 

... 



II 

Hawthorn, 

8-05 

8-78 




II 

WUlow, .... 

9-34 

4-16 




II 

Plum, .... 

9-90 

6-66 




II 

Elder, .... 

10-67 

8-19 


... 


II 

Gooseberry, 

18-60 

7-83 


^ — •- 


*’ 
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ordinnry way. The filtrate is evaporated to dryuess, very gently ignited, 
and returned in percentage as soluble ash. The insoluble portion is next 
treated with acid, and the remaining sand dried, ignited, and weighed. 
The alkalinity of the soluble portion should also be taken, and may be 
returned as potash. This simple examination of the ash, consuming very 
little time, gives tolerably well all the information aflbi’ded by a complete 
and exliaustive analysis. The table (XXVIL) shows a few percentages of 
ash, and may be com paired with the percentages of the ashes of beech, 
bramble, and others. 

All the analyses hitherto published show that the percentage of ash in 
getiuine tea never reaches 8 per cent. An ash beyond 8 per cent., cal- 
culated on the dried tea, is certainly adulterated. In the same manner, 
all genuine tea possesses a soluble ash not less than 3 per cent. 

Mr. John White ^ has given some analyses of the ash of adulterated 
Caper teas as follows : — 

TABLE XXVIII. 



Total Ash. 

Ash soluble 

In Water. 

Ash inBolul>le 
In Water. 

Ash iiisuiublo 
lu Mineral 
Acid. 

(1) 

12-20 

2-76 

9*44 

5-66 

(2) 

11-34 

2-79 

8-55 

4-66 

(Jl) 

11-31 

2-84 

8-47 

6-10 

(4) 

9-90 

3-24 

6-66 

4-40 

(0) 

9-88 

2-98 

6-90 

3-84 

(0) 

13-47 

2-80 

10-67 

6-26 ' 


He suggests on these analyses that the limit for sand in the ash of tea 
might be fixed at 3 per cent. 

§ 243. Determination of Gum . — If it is necessary to determine the gum 
in tea, as sometimes happens, the aqueous decoction should be evaporated 
nearly to an extract, and the residue treated with methylated spirit, 
'''filtered, and washed with the spirit. The gum is dissolved otf the filter by 
the aid of hot water, and the solution evaporated to dryness, and weighed ; 
it is then ignited to an ash, and the mineral deducted from the total 
weight.2 

§ 244. General Review of the Adulterations of Tea . — The most frequent 
are, certainly, the addition of sand, generally strongly impregnated with 
iron, the addition of foreign and exhausted leaves, and the addition of 
astringent principles, such as catechu, etc. All these adulterations must 
take place abroad, there being no evidence t^t a single hundredweight of 
tea has been tampered with in England,— the blame may lie with the 
home-traders, but proof is wanting. On the other hand, it not un- 
frequently happens that cargoes of tea recovered from sunk vessels, or teas 
damaged in some other way, are sold and blended by wholesale manufac- 
turers with those that are genuine. Such samples contain usually an 
excess of salt, and show more or less evidence of the addition of exhausted 
leaves. 

^ AneUyst, May 1899. 

** H. Hager is {Pharm, Central. HaJlti 1879, 268) the author of a general process of 
analysis, which possesses some good points : 10 grms. of tea are infhsed in 100 o.o. of 
warm water, and allowed to sta^d for two days ; the solntiOn is poured off, and anotlier 




The facing of tea is rapidly decreasing. There has been much dispute 
as to whether this is to be considered an adulteration or not ; a thin film 
of graphite, or any other hannlcss substance, in such quantity as to add 
no appreciable weight, can hardly be called adulteration. Each case, how- 
ever, must bo judged of by its merits. A small addition of such a sub- 
stance as catechu, to impart astringoncy, is probably frequent, and difficult 
of detection. Any amount present, to the extent of 3 per cent, or over, is 
shown by precipitating an infusion of the tea with a slight excess of 
neutral lead acetate, filtering, and adding a little dilute ferric chloride 
solution. If catechu be present there is a briglit-grcen colour, and ulti- 
mately a precipitate of a greyish-green colour. [See also Hager’s 
mcthod.2] The same infusion filtered from the lead precipitate gives 
a copious precipitate with argentic nitrate. Mr. Allen has pointed out 
one .advantage of the lead process in cases of adulteration with catechu, 
catechuic acids possessing a precipitating power so widely different from 
that of tannin, that, if reckoned as tannin, there arc always anomalous 
results. 

Soluble iron salts, alkaline carbonates, and other substances, are stated 
to be occasionally added, but no conviction relative to these app(>ars to be 
on record. The soluble iron salts may, of course, be dissolved from the 
tea leaves by a little cold dilute acetic acid, and the liquid tested in the 
usual way ; there is then no confusion between the iron naturally present 
and that added. 

§ 245. Bohemian Tea } — It would seem that for some time there has 
been cultivated in Bohemia the Litlwapermum officinalcy the commoji 
‘ Gromwell ’ of our country, and the leaves have been dried and sold as 
Thea ChinemiSf under the name of * Bohemian Tea.’ They have also boon 
used for the purpose of adulterating Chinese tea. The ‘ Gromwell * is a 
plant belonging to the borage order, growing in dry and stony places, from 
a foot to a foot and a half high. The flower is green islt}Mlow, the stem 
erect and branching, and the leaves are lanceolate, hairy beneath, with 
bulbous adpressed bristles above. They arc totally unlike tea leaves, and the 
hairiness itself would be diagnostic of a leaf other than that of tea. The 
chemical composition is also entirely different. The mineral constituents 
are excessive, and there is neither any alkaloid nor any essential oil. 

The average composition of ‘ Bohemian Tea ’ is as follows : — 


Oollulose, 5*96 

Tanuiii, 8*25 

Fat 9*29 

Other nitrogen-fi’ee organic aubstances, . . . 26*49 

Albuminous mattei’s, 24*64 

Ash, 20*60 

Wateiv . 4*86 


100 C.C. of water added to the partially-exhausted leaves, which are then unrolled and 
botaniSally examined. 50 o.c. of the solution are evaporated to dryness; 10 o.c. of the 
solutuA should give no turbidity in the cold when an equal volume of alcohol is added. 
For the ratimation of theine, 10 gnus, of tea, 3 gnns. of sodio carbonate, and 8 grms. of 
litharge are made into a ^te with 10 grms. of water dried up and extract with 
chloroform. For the special detection of catechu, *1 grm. of tea is extracted by 100 c.c. 
of boiling water. This solution is boiled with excess of lead oxide, and the filtrate 
(which must be clear) mixed with a solution of silver nitrate. Pure tea rives only a 
slight ^y-blaok deporit of metallic silver, but tea adulterated with cate^u a strong 
yellow nocculent precipitate. 

^ ^ A. BelohouMn: CcntralbLf 1880, p. 152. 
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MatI 

§ 246. “The MatA^ or Paraguay Tea Tree (Ilex paraoumjemis), is a 
small tree, belonging not to the family of the as stated by some, 

but to the Celantrinem ; it reaches in height ordinarily 4 or 5 metres, some- 
times 7. Its tnink is about 20 cm. in circumference, and is covered by a 
whitish bark. 1’he leaves are oblong, cuneiform, obtuse, and finely dentate. 
It has ancillary, multipartite peduncles, calyx tctrasepalous, the corolla 
with four petals in the form of a crown, style none, stigma 4-lid, fruit a 
four-celled berry. The plant grows very abundantly in Paraguay, North 
Corrientes, Chaco, and South Brazil, where it forms woods called ‘ Ycrboles.’ ” 

In the Spanish Republic three dilTerent sorts of mate are sold : — 
1. Caa-cuy or caA-cuip, which consists of the new leaves and scarcely 
developed shoots. 2. CaA-mirim, the leaves stiparated from the twigs and 
stalks (the midrib of the leaf is also removed^. .3. CaA-guacu or Jerva do 
Palos, large old loaves with twigs and fragments of wood. 

The microscopical stnicture of the leaves is fairly characteristic, the 
upper surface of a mate leaf is seen to be built up of thin- walled wavy 
cells, *05 mm. (*002 inch) in diameter, the cuticle is thick and wrinklocl, 
the under surface has similar colls, but the contour is still more wavy, 
while it is only the cuticle over individual cells which shows fine wrinkles. 
The number of stomata is extremely great, being about 12 to {he stpiaro 
millimetre, the stomata are nearly circular, and but *03 mm. (‘001 inch) 
in diameter. Here and there may be found glands with reddish contents. 
The leaf on section may present, a little below the upper epiderlnis, cells 
filled with oxidate of lime crystals, but has no other special peculiarity. 

Mate is prepared in Paraguay thus : — The entire trees are cut down, 
and the small branches and shoots are taken with the leaves, and placed 
in the tatacHay a plot of earth about 6 feet square, surrounded by a fire, 
where the plant undergoes its first roasting. From thence it is taken to 
the harhof'ua^ or grating supported by a strong arch, underneath which 
^burns a large fire. Here it is submitted to a particular torrofaction, 
determined by experience, wdiich develops the aromatic principle. Then 
it is reduced to a coarse powder in mortars formed of pits dug in the earth, 
and well rammed. It is next put into fresh bullock skins, well pressed, 
and placed in the sun to dry. The packages (tercois) thus obtained weigh 
from 90 to 100 kilograms, and have an average commercial value of 1 to 
2 dollars the kilogram. 

Senor Arat^ gives an analysis of mate — 


Organic conibusiible substuncos, ,. 

Ash, 

In 100 parts. 
01-685 
8-316 

The ash contains— 

Lime (CaO) 

Magnesia, 

So&, 

Potash 

Manganese dioxide, .... 

Ferric oxide, 

Sulphuric acid, 

Hywochloric acid, .... 

Phosphoric acid, 

Carbonic acid, 

Sand, silica, carboy, and loss, 

12-84^ 

11-396 

7 '281 
2-984 
2-600 
•8-410 
, . 0-926 

0-716 
5-640 
8-150 
44-764 



The enormous relative quantity of sand is a result of the mode ol 
preparation in excavations made in the soil. The plant contains— 


Principles soluble in ether, 9*820 

» >• alcoliol, .... 8 ’402 

». », water, 26 ‘208 

•> ,1 water acidulated with HCl, . 7*260 

n „ in solution of caustic soda. . 16*880 

Cellulose, 13.280 

Water, 

9*120 


100*00 

T. Pookolt {Pharm, Joum. Trans. [3], xiv., 121-124) has analysed 
the freiilh leaves of Ilex paraguayemu from the Orgu mountains in 
Neufreeburg with the following results : — 

Per 1000 

• (Leaves simply air drietl). 


Stcaroptene, *021 

Volatile oil extracted by ether, .... -099 

Fat and wax, 19*800 

Green colouring-mattei, 10*900 

Chlorophyll and soft i-csin, 20*966 

Brown acid resin 48*600 

Theine 6*398 

Bitter extractive matter, ..... 2*083 

Sugar, 39*266 

Extractive matter and organic acids, . . . 8*816 

Mate, tannic acid (pure), 27*472 

Mat6, viiidic acid (crystalline) *024 

Albumen, dextrin, salts, 47*660 

Cellulose, 166*600 

Moisture, 601 *366 


lie has also analysed Parana loaves and mate as follows*:— 

Air-dried leaves 

from which maid In commercial 



hi prepared. 
Per 1000. 

mate. 
Per 1000. 

Volatile oil extracted by othor, 

•179 

•026 

Theine, 

(Chlorophyll and soft resin, . 

16*750 

6*650 

61*200 

16*766 

Brown acid resin, 

Mat6, tannic acid (pure), 

84*600 

26*600 

44*976 

16*765 

Mate, viridic acid (crystalline), . 

*026 

•024 

Extractive matter, 

65*130 

16*610 

Albumen, salts, dextrin, 

36*102 

18*169 

Ocllulose and moisture. 

700*643 

908*379 


Theine averages 1*3 per cent. The tannin of mat6 is peculiar; it does 
not tan hides, and requires a special method for its estimation ; it amounts 
to al)ouc 1*6 per cent. Mat<^ also contains a large quantity of a peculiar 
fatty matter. Mat<3 does not exalt the peripheric nerves like tea, nor the 
ccrebric like coffee, but appears to have, in some degree, a narcotic action. 
The usual way of taking, it is by sucking it up through a reed called a 
‘bombilla.* 

MM. d’Arsenval and Couty have administered ma^ to dogs by injection 
into the stomach. They found it diminish the carbon dioxide and oxygen 
of the arterial and venous blood to a considerable extent, sometimes to 
a third or even hedf normal quantity. This action, which is less 
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intense during digestion, and has no necessary relation to phenomena of 
excitation of the sympathetic nerve-system, is somewhat obscure as to 
its ‘mechanism’; but its existence proves directly the importance and 
nutritive value of the aliment in question. 

A species of Ihx — viz., Ilex camva^ employed as a tea in Virginia, has 
been analysed by M. Ryland and T. Brown, who found 


Volatile oil, O'Oll 

Wax and fatty matter, ..... 0*466 

Rcssiii, . ’ 3*404 

Chlorophyll, 2*491 

Thoine 0*122 

Tannin, . • 2*409 

Colouring-matter soluble ill alcohol, . . . 4*844 

Extractive matter soluble in alcohol, . . . 10*149 

Extractive matter inJiOlublo in alcohol, . . 4*844 

Amidon and pcctiuc, 15*277 

Fibre, 33*827 

Ash, 3*995 


Coi’fKB. 

§ 247. The coffee berry is the seed dried, and deprived of its fleshy 
coverings, of the Goffea amUcay Nat. Ord. ClncluMacem. Before use the 
berries are roasted to a chocolate brown, and then ground in a mill. 

Microscopical Stmrture . — The main portion of the coffee berry is composed 
of strong angular, thiok*walled colls, the walls of which, cut in radial 



Fig. 52. Endosperm of the Fio. 58.— -Membrane from the coffee berry, showing 
coffee berry, x 160. the peculiar pitted and thickened cells, x 160 

(after Moeller). 


sections, are seen to possess a peculiar knotty appearance (fig. 52), but a 
tangential section shows merely a network of thickened cells (fig. 54), and 
the knotty appearance is then not to bo seen. The thickened celbwalls 



cowm. 


MT 


I2is.] 

are mainly composed of oellulosO) and are nearly entirely dissolved by 
ammoniacal solutions of copper oxido, and strike a blue colour when 
treated with the chloriodide of zinc, or with sulphuric acid and iodine. The 
cells all contain dark-coloured contents, and sometimes crystals of theine. 
When rotih-cd, these characteristics are never entirely obliterated, but the 
cell walls arc often coloured, and the whole structure more difficult to define. 
A thin tough Japanese-paper-like 
membrane (fig. 63) may be detached 
from the berry ; most of this in grind- 
ing is separated from its connections, 
but it may always be found; it is 
composed of a series of spindle-shaped 
fibres attached to a thin membrane ; 
the fibres in the undeveloped seed 
form a continuous sheet, but in older 
berries they are separated. 

Besides these elements there is a 
small embryo composed of the usual 64.-Coffeo tissue, x 170. 

regular, oval, tender-walled embry- 

- Auic cells. These arc so difTerent from the usual coffee tissues, that they 
migfht bo mistaken for foreign substances, but of course the quantity in ground 
coffecj of embryonic tissue is very small indeed, and is detected but rarely. 

Tme microscopical structure described above separates and distinguishes 
X'Oft’ee at once from all other known berries or seeds, while the tissues of 
roots, such as chicory (consisting of loose, thin-walled, vegetable cells, with 
a greater or less admixture of large spiral vessels), are entirely different, 
and may be said, indeed, to be built on a different plan. 

To investigate the ground coffee microscopically, it is best to examine 
with a low pow'er a little in a watch-glass, and then to remove those portions 
which are most transparent ; if necessary, still further clearing them up by 
soaking in a strong solution of potash, and teasing them out by the aid of 
a needle. It is also quite practicable to cut sections of fragments of coffee 
held firmly between two })ieces of cork, or embedded in sealing-wax. 

§ 248. Chemical Chamjee dunng Roa&ting , — The effect of roasting is to 
drive off a large quantity of water,^ to volatilise a small quantity of theine, 
to change a portion of the sugar into caramel, to rupture the cell-layers 
containing fat and albumen, and to swell the berry by the extrication of 
gases, consisting mainly of carbon dioxide. There is also developed a 
fragrant aromatic substance, a single drop of which is sufficient to scent 
a large room with the peculiar coffee odour ; the best temperature for the 
production of this aroma is 210” C. That during roasting there is an 
actual loss of theine, is easily proved by holding a glass plate over the 
heated berries; in a very little time crysstals of theine condense. Tenneck 
found in unroasted coffee *75 per cent., and in the same roasted, *42 per 
cent, theme. It would appear that roasted coffee gives up more to water 
than does raw coffee ; for Cadet found that beans roasted to a light brown 
yielded to water 12*3 per cent. ; to a nut-brown, 16 '5 per cent. ; and to a 
dark brown, 21*7 per cent. Vogel also gives the soluble matters in raw 
coffee as 28 per cent. ; and in roasted, 39 per cent. The amount of sugar 
changed is always considerable; thus Graham and Stenhouse found the 

^ The loss of water is often prevented by adding to the roasted coffee a hot borax 
solution, strength 4 to 5 per cei^t. ; the berries on drying may, after such addition, show, 
instead of 8 per cent, water, aa much os 12 per cent. 
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following differences in the percentage of sugar between the raw and 
roasted coffees; — 


Higlieat amount, . * . . . 

Uaw. 

Per cent. 
7*78 

ll<>A8ted. 
Ter cent. 
1*14 

IxiW(«t amount, . . . . , 

6*70 

... 

Average of twelve specimens grown in { 

6*97 

0*26 

different places, . . . ( 


Konig has studied tlie clmngos taking place in roasting, and his views and experi- 
ments are as follows 300 grins, of coffeo-hen-ios containing 11 *29 per cent, water gave, 
on roasting to tt light brown colour, 246*7 gnns. of roasted cotfee, containing 3*19 per 
cent water. We have, therefore — 

1. Taken 300 gnns. coflbo-bcnics, . =266*16 grms. dry siihstance. 

2. Obtained 246*7 gims. roasted coffee, =238*33 ,, ,, 

Then loss, 63*3 gi’ins., . . . = 27*32 ,, ,, 

Or in percent., 17*77, . . . = 9*11 per cent, organic substance. 

Hence, in roasting, 8*00 percent, of water and 9*11 per cent, of organic substances 
have been lost This is divided among the constituents of coffee as follows. (See Table 
XXIX.) 

Tlie products obtained in roasting coifee, according to Bernhcimer, are palmitic acid, 
thoine, caileol (an oil, l»oiling-point 195° to 197"), acetic acid, carbonic acid, hydrochinon. 
mothylamine, pyirhol, and acetone, 

)C 

§ 249. Gonstiiuents of Coffee , — The main properties of coffee ^ are 
apparently due to : — (1.) An esKontial oil, not yet completely studied ; 
caffeo-tannio acid; (3.) thoine or caffeine (4.) an alkaloid ‘caffearinc'; 
(5.) a concrete oil or fatty substance ; (G.) raanno-arabinoso. 

Oaffeo-tannic acid^ 0 ^ 4 }! was first observed by Pfaff in the seeds and 
leaves of the coffee plant; it also occurs iu the root of the Ghiocoem 
racemosa, and in the loaves of the Ilex paragnayensis^ S. Hil. It may bo 
separated from coffee by fractional precipitation of the infusion with acetate 
of lead. The precipitate, at first falling, consists of citrate with caileo- 
tannate of lead ; but later on, the latter occurs alone, and can bo washed 
. with water and decomposed by SHj in the usual way. Caffeo-tannic acid 
thus obtained is a brittle, yellowish mass, easily powdered, and of feeble 
acid reaction. It is supposed to exist in the plant in combination with 
potash and thoine. It is scarcely soluble in ether, but dissolves easily in 
water or in alcohol. The solution gives a dark-green colour with chloride 
of iron, or if dissolved in aqueous solution of ammonia, the alkaline earths, 
or the alkalies, a reddish-yellow or yellow colour. Decomposed with 3 
parts of KOH, the end product is protocatechuic acid. Caffeio acid can 
he obtained in a crystalline form by boiling with 5 parts of potash lye and 
neutralising by sulphuric acid. It colomrs chloride of iron grass-green, is 
oxidised by nitric acid into oxalic acid, and is decomi^osed by potash into 
protocatechuic and acetic acids. 

Gaffearine, Ci 4 Hi^N 204 , is an alkaloid discovered in coffee by Pietro 
Paladino;* it possesses narcotic properties, but is only in small quantity. 
This alkaloid requires farther investigation. 

Coffee Fat , — The coffee fat can be obtained from an alcoholic extract of , 
coffee ; part separates on cooling the fluid to 0 “ C,, the rest on dilution with • 
water. It is wliite, without cdour, of a buttery tjonsisteuce, melting at 

* NcJmingi'wnd ii., 479. 

* Theine is deacribed at p. 328. 

^ CkmUsa lud^n.y xzv., 1895 ; abstiaotdu Andtyst, June, 1895. 
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^ Theine sabtracted. 



•350 fodDs: TMia composition and analysis. [§ 250. 

C, and becomes rancid on exposure to the air. According to 
Ilochleder {Wien Akad. Jkr,, xxiv., 40), it contains the glyceride of 
palmitic acid and of an acid of the composition CjgHg/ljj. 

C. 0. Cecil 1 exhausted 50 lbs. with alcohol and ether, and obtained 
1200 grins, of a thick green fluid oil, and after a time fine crystals of 
theinc sejiarated. After six months the oil, although in closed flasks, 
began to bo turbid, and gradually little groups of crystals separated and 
sank to the bottom. After the lapse of three years, the flask was found 
to be about two-thirds tilled with crystals of the more solid fats, but the 
upper layer was beautifully green. 

There are also citrates, and probably other oi*gamc acids and nitrates 
in coffee. J. Buig found in i-aw dry coffee *054 per cent, of nitrate of 
potash, in roast ‘041 per cent. 

The following table gives the general composition of various commercial 
varieties of coffee : — 



Gummy 

Matter. 

Their.e. 

Pat. 

Tannic 

and 

Caflfeo- 

tannic 

Acids. 

U2 

0 

1 
o 

Ash. 

Potoab. 

Phos- 

phoric 

Acid. 

Finest Jamaica Plantation, 

25*8 

1*43 

1476 

227 

33*8 

3*8 

1*87 

'A 

Finest Green Mocha, 

22 •« 

0*C)4 

21 79 

23*1 

29*9 

4*1 

2*13 


f 

1 

o 

23-8 

1T»3 

14*87 

20*9 

36*0 

4*0 


0*27 

WasluriKio, . . . 

27*4 

1*14 

15*95 

20*9 

32-6 

4*5 

... * 

0*51 

Costa Hica, 

20-6 

1*18 

21 *12 

21*1 

33*0 

4*9 


0*16 

Malabar, .... 

25-8 

0*88 

18*80 

207 

31*9 

4*3 


0*6t) 

East Indian, . 

24-4 

1*01 

17*00 

19*6 

86*4 



... 


Some analyses by Dragendoartt* of Mocha, Preangcr, Ceylon, Malabar, 
Mysore, Java, and other coffees (twenty-five in all) give the following 
results : — 

Maximum Minimum Moan 
por cent. per cent, per cent, 

Thcine, 2*21 0’64 1-16 

Aah 4-87 8-83 4*41 

Phosphoric Acid, . . . 072 0*28 0*42 

The carbo-hydrates of coffee have been partially investigated in the 

chemical laboratories of the U.S. Department of Agriculture. Cane sugar 
is the chief soluble hydrocarbon. By hydrolysis the insoluble hydro- 
carlms yield galactose; and by distillation with hydrochloric acid, 
abundance of furfuraldehyde was obtained, indicating the presence of a 
pentose-yielding substance. By treating the substances insoluble in water 
with 5 per cent. NaOH solution, and precipitating with alcohol, a gummy 
substance was obtained. The gum yielded, by suitable treatment, galactose 
and furfuraldehyde. 

One of the chief constituents of the coffee berry is stated by Mr. Baker * 
to consist of a manno-arabinose or manno-xylose, which, on hydrolysis, yields 
mannose in quantities of from 80 to 90 per cent. 

§ 250. Analym of Coffee-Specific gravity^SUhe chemists of the 
Municipal Laboratory, Paris, lay stress upon a determination of the density 

1 J<3wm» fUr prak» Chemity xxii., 398. 

* xxvil, April 1902, 116. 
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of the pov/dcred coffee, considering that it is of special value in showing 
artificial moistening of the berries. The density is determined in Rcgnault’t 
volumemometer modified by 


M. Duprd. This apparatus 
consists of a vertical cylinder, 
V (fig. 55), closed by means 
of discs of ground glass 
made tight by screws, K 
and E; this cylinder com- 
municates by means of a 
narrow tube with a glass 
syphon having a bulb of 
known capacity, U ; the long 
limb of the syphon, T, is 
open to the air, gr^uated; 
at the bend of the syphon a 
third tube is let in, com- 
municating with a mercury 
reservoir, IB, and having an 
air trap, r, the whole is 
fixed on a wooden stand (see 
fig. 55) ; the tube has a 
mark below the bulb, U, 
and also a mark just where 
it joins the narrow tube lead- 
ing to 'the cylinder. 50 or 
100 grms. of the coffee 
are introduced into V. The 
cylinder, by means of the 
screws and a little vaseline, 
is made air tight. The 
stop-cook, R, is opened so as 
to put V in communication 
with the atmosphere. The 
reservoir is raised so as to 
bring the mercury on a level 
with the lower mark, and the 
barometric pressure noted (/t) 
on a barometer. The stop- 
cock, li, is then closed, and 
the reservoir raised until the 
mercury coincides with the 
higher division, and the differ- 
ence in height of the mercury 
in the two tubes noted (H). 
The volumes of V and U 
are first and once for all 



determined. 

To make a measurement 


Fig, 65 .— (Regnault’s volumemometer 
Duprd’s form). 


proceed as above, and take 

the height of the mercury in a barometer placed near the instrument ; 
this m‘ay be called h. If V=the volume of the vertical cylinder, 
v«the volume of the smaller bulb, and H the dificrenoe in height of the 
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mercury in the manometer tube ; then the volume u is obtaiued by the 
following formula : — 

= V — V-jj 


and if w? = weight of coffee and d = density, tlien {u being the volume of coffee) 

U 

or by replacing the value of u from the first equation, the complete formula 

w 






H 


To give an actual example : — 100 grms. of unroasted green coffee are taken : 
;t-75*5 cm.; H = 37-5 cm.; V-230*l c.c.; y = 54-5 c.c. 

then 

154.. r, y 

230*1 ~ « 230*1 - 149*63 - 80*47. 

100 

The density therefore equals 1*2427. 

An accurate estimate of volume of a weighed portion of coffee or other 
]jowdcrod substance, and therefore of density, may be made with ordinary 
laboratory appliances as follows :~A suitable small flask provickd with 
ground stopper and stop-cock is clamped on to the mercury pump, and the 
air it contains pumped out, measured, and reduced to 760 mm. and 0“ C. 
A sample of the substance is next weighed and introduced into the flask. 
The flask now, of course, contains less air. The air is again pumped out 
and measured, the measurement beiug reduced as before to normal 
temperature and pressure. By dividing the weight of the substance by 
^ the difference in the air volume of the empty and the charged flask the 
density is obtaiued. 

The great advantage of determinations of density by such means as the 
foregoing, as compared with ordinay determinations of density by means 
of the displacement of various liquids, is that there is neither waste nor 
alteration of the substance. 

The experiments of the French chemists have given as a minimum for 
green coffee a density of 1*041, a maximum of 1*368 ; for roasted coffee, a 
minimum of 0*500, and a maximum of 0*635 ; a very high roasting will, 
however, give loss than 0*500. The density taken in this way is also 
stated to indicate factitious coffees. 

The hygroscopic moisture, theiue, gum, astringent principles, and ash 
are all determine precisely as in the case of tea. Acco^ing to the 
, chemists of the Paris Municipal Laboratory the hygroscopic moisture in 
green coffee should not exceed 12 per cent, in roasted 3 per cent. 

The coffee fat may be ^conveniently estimated by putting a known quan- 
tity in the fat-extraction apparatus figured at page 50 ; the best solvent to 
use will be petroleum ether, since it has less solvent action on the theine 
‘ ' than ether. When the process is finished, the petroleum is evaporated to 
dryness in a tared dish. As thus obtain^, the fat is almost but not 
quite, pure. 
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Adulterations op Coffee and their Detection. 

§251. The sophistications of coffee are numerous; chicory, roasto 
cereals of all kinds, wheat, rye, buck-wheat, potato flour, mangel-wurzcj' 
acorns, lupine seeds, ground date-stones, caramel, and various leathery seed 
have all boon detected. Coffee damaged by sea-water is also comnionl; 
washed, first with water, then with lime water, dried and roasted, o 
sometimes coloured with an azo dye to give it a bright appearance. 

Imitation coffees or coffee substitutes arc manufactured on a largo seal 
in America, Hamburg, and also in this country. Wiley has given a usefu 
list of imitation coffees which have been examined in the laboratory of th 
U.S. Department of Agriculture; the list compiiscs the following mij 
tures which were pressed and moulded into berries or pellets : — ^ 

Coffee, bran, molasses. 

Wheat flour, coffee and ehicoiy. 

Wheat flour, bran and rye. 

Chicory, peas (or beans), barley. 

Wheat, oats and buckwheat. 

Wheat flour and sawdust. 

jf ills of leguminous seeds formed into granules with molasses and roasted. 

Pea hulls and bran. 

Dr. Bonmrd Dyer 2 has made some careful analyses of chicory ; he find 
t}\o moijjture varies from 1 to 4 per cent., and gives the following poi 
centago data of 11 samples of chicory carefully dried ; — 


TABLE XXX.-CH 100 RY. 


1 Total 

* 1 Insoluble 

1 in Water. 

Ether 

Extract. 

N. 

Total 

AbIi. 

Soluble 

Ash. 

Sand. 

Cliicory nibs and medium j 
roast, . . . ! 

22-40 

2-67 

1-63 

4*63 

2*60 

0*70 

Chicory nibs and dark roost, 

50*30 

1*43 

1-67 

4*70 

2*99 

0-80 

Ground chicoiy, . 

22-27 

2-17 

1-33 

6*53 

2*43 

1*43 

II 

21*50 

1*90 

1-34 

5-23 

2*07 

1-43 

35*50 

8*43 

1*50 

5*13 

2*57 

0*77 


37*80 

3*87 

1*62 

8*28 

1-60 

3*97 


22*77 

8*17 

1-26 

6*13 

3-30 

1-60 


22-50 

8*67 

1*23 

5*73 

8*23 

1*63 

II 

23-60 

2*thi 

1-29 

6*63 

2-97 

1*47 

91 

22*60 

2-60 

1*29 

6-83 

8-22 

1*47 

91 

22-68 

2*67 

1*29 

6*70 

2-80 

1*47 


It may be stated generally tlmt such adulterations are best detected b^ 
a microscopical examination, but that they usually also present market 
chemical dififerences, being for the most part deficient in theine, high ii 
sugar, low in fat, and having high aqueous extracts. The general percent 

* U.S. Dcp. of Agiiculture, Div, ofCliem., Bvll., No. 18. 

* dnalystf Sept., 1898. 




54 " FOOmr T'HBIR 'COMPOSmON AND ANALYSIS. 

JO composition of various imitation berries, as given by various chemists, 
Bummarisod in the following table : — 


TABLE XXXa.— Imitation Coffke Beans. 



W. Ktech. 

E. Fricke. 


0. Kornaiith. 


Karley. 

Coffee. 

Water, 

5-14 

? 

1*46 



■ 3*45 

6*41 

Albuminoids, 

107.') 

17*90 

13*93 

9*38 

10 *.56 

Fat, .... 

2*19 

2*0.3 

3*80 

3 **25 

1*04 

Cellulose, . 

3*96 

10*83 

l.^)*83 

4*2.5 

10*56 

Sugar, 


1*99 

071 

6*18 


Extractive matter, 

76*60 

64*04 

03*30 

70*13 

68*36 

Aqueous extract, 

29*88 

24*8!) 

21 *.'■.3 

81 **20 

34*37 

Theiiio, 

... 

0*94 

0*07 



Glucose formed on boil- 






ing with Hi,S 04 , 

... 

... 

50*02 

69*28 

67*19 


Microscopical Detection of Adulterations in Coffee . — A practical, though 
not a scientific, distinction of substances used for the adulteration of coffee, 
is to divide them, for microscopical purposes, into two classes, the hard and 
the soft. If ground coffee is sprinkled on water, and allowed to soak 
for a little time, there is scarcely a particle which does not feci resistant 
or hard when rubbed between the fingers, the only soft portion! of tlic 
coffee berry being the embryo, and this is so insignificant in quantity that 
it is not likely to cause embamissmcnt. The soft substances which have 
been used to adulterate coffee arc chicory, figs, dandelion roots, and portions 
of the fruit of the ceratonia or carob-bean ; while the hard substances are 
vegetable ivory, date-stones, acorns, and other liard seeds. 

The soft tissues of the roots of the chicory * and dandelion abound with 
vascular bundles, and it is never difficult to see the spiral and other vessels ; 
similarly, the laticiforous vessels in the tissues of the fig are extremely 
distinctive. In the softer tissues of the ceratonia or carob-troe fruit are to 
be- found large cells containing bodies which, at first sight, look like starch 
granules, the surface being in wrinkles (see fig. 56). They are insoluble 
in ^atcr, alcohol, and dilute sulphuric acid. The characteristic test is, 
however, that they strike a blue or violet colour with a warm solution of 

* Chicory is so readily detected that we scarcely require a direct chemical test. A. 
Franz has, however, jointed out that an infusion of coffee, when tretited with copper 
acetate and filtered, yields a greenish-yellow filtrate; an infusion of coffee containing 
chicoiy yields, when similaily treated, a dark red-brown filtrate. --.4rc^ PAom. [6], ix,.. 
298-802. ?' 

A method of detecting chicory has been described by G. Husson. According to the 
latter, the chicory is often prepared by roasting with rancid fat He discovers this by 
putting in a flask 10 grms. of cbico^ with 50 gims. of glyceriu and 20 drops of hydro- 
chloric acid, and the mixture is boiled and filtered. The filtrate is added to an equal 
volume of other, and placed in a flask wliich, again, is put in a bath with boiling water. 
When pure ether- vapour rushes out of the bottle, tbo vapour is lit, aud under the com- 
bined Wt, the fat^ matter rises to the surface of the glycerin, and is dissolved in the 
ether. When the name diminishes in intensity, it is extinguished, and the ether allowed 
to evaporate spontaneously. On exposure to cold, fatty drops form gradually ; these are 
examined by the microscope, and are drops of oiystalUne fats, such as are not yielded by 
pure coffee. 
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potash. And as these bodies are widely distributed throughout the frui 
the test reacts with the smallest fragment. 

Finely ground date-stones and vegetable ivory are not so easy to deteo 
mainly because the particles are, for the most part, opaque, and it eiitai 
considerable trouble and some skill to prejmre sections suflBciently clear 1 
make out the details of structure. 

Vegetable ivory is derived from the Phyteleplias matrocarpa^ and is muc 
used for making buttons and various other purposes. In the working of tl 
ivory there is considerable waste, hence it may be obtained at a very lo 
rate, being, indeed, so much refuse. The ivory consists of elongate! 
equally thickened cells (see fig. 57 B), perfectly colourless, and dotted a 
over with pores ; the contents of the cells are granular, and seem to I 
composed of a vegetable albumen, with here and there a few drops of fa 
In sections of the ivory nut itself there is also to be seen a thin shell c 
epidermal layer (see fig. 57, A) consisting of peculiar fibres. The ends < 
the fibres are often thickened or clubbed ; they are about ‘02 ram. broti 
and *2 long, are thickened by deposit, and contain a reddish-brown sul 
stance. The largest fibres are on the outside of the layer, while the shortc 
fibres occupy the inner part of the seed coating ; the fibres are interlace 
or felted in every direction. The seed-coating bears a very small pro[)ortio 
to the vegetable ivory, and is not so likely to be found as fragments of th 
, ivory itself. 

Date-stones ^ possess a very distinctive structure. The epidermis cor 
sisls of elongated cells, forming, when looked at from above, irregula 
oblongSj^ the cell-walls are thickened irregularly, and they are frequentl 
pitted (see fig. 68), In the parenchyma of the stone are curious irregularly 
shaped long cells, whiesh contain a tannin, and arc coloured dark-green b 
ferric chloride solution. The endosperm is the hardest part of the date-ston! 
and is very similar in structure to vegetable ivory, but the^ cells arc smalle 
and rounder, and the cell membranes are not so thickened by deposit. 

The leguminous seeds are all built on a similar plan ; they have a 
least two characteristic structures — viz., a layer of regular lengthened cell 
with their long axis set radially (see fig. 59), the palisade layer of th 
Germans; seen under a low' power, they look so much like the dentin 
tubes of a tooth .tot they might be called the dentine layer ” ; the; 

^ DoU Cofee .— was e8tal)liKh«‘l, some years ago, a company for the mant 
factui'c of what is ' Date coffee,* a {)reparati(>n made from tonified dates, an 

mixed with coffee, m the proportion of one-fourth coffee and three-fourth dates, i 
sample pi i^sented the appearance of a dark-brown, rather sticky (lowder, having a sweetis 
smell, but no coffee odour. On being thrown into water the water was immediate! 
coloured, and the powder sank to the bottom. The specific gravity of the infusion wa 
nearly that of pure chicoiy, viz., 1019'6. The microscope showed some fragments ( 
coffee, as well as large loose cells and structur«\s, quite different from those of coffee, an 
there was scarcely a trace of theine. The general analysis gave 


Water, 
Sugar, . 
Extract, 

Total ash. 


Sduble, 1*78 
Insoluble, 1*07 


Per cent. 
6*25 
16*29 
40*60 

2*85 


The ash contained *262 P^Os and *13 silica ; *628 per cent, of an oily and resinou 
matter was also separated. The largo amount of sugar would alone be sufficient to du 
tinguish it from coffee, and there will not be the slightest difficulty in the identificatio 
of substance should it bejever used in such a manner as to come under the ^le c 
Food and Drugs Act. 
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consist of narrow prismatic long colls, the base not unfrequently swollen 
out flask-like — and are covered with a thin 
cuticle. If looked at fi'oni above, of course 
only the hexagonal ends are seen presenting a 
tessellated pavement appearance — there is no 
‘lumen.* The most remarkable thing about 
these cells is that they are all the same size, 
save, indeed, in Cicer arieUnim^ where the 
dentine layer is in regular waves, and the 
individual cells range in length from 100 to 
300 micro-millimctrcs. 

The length and breadth of the palisade 
layers in varioiuj leguminosro have been care- 
fully determined by Moeller,^ as follows:— 

Lcuftth. lli’oadth. 

Mlcro'imlliiiietroB. Micro-inilliuietrcs. 



Canavalia, 

240 

20 

Parkia, . 

150 

16 

Lujnne, . 

120 

15 

Pea, 

100 

12 

Vetch, . 

. . 75 

6 

Astragalus, 

150 

20 

Cassia, 

60 

6 

Oicer, 

, 100-300 

25 

Bean, 

45 

16 

LentUs, . 

40 

6 

Soya, 

60 

16 


Fio. 66.— A section of the 
oarob-tree fruit, x 160— cp, 
epidermis superficial view, 
showing a stoma, at'; p, 
brown jiareuchyraa ; «•, colls 
containing crystals ; &, bent 
fibres ; st, bard cells, thick- 
eued by deposit ; r, a layer 
of thin walled cells, bat 
scattered throughout are 
^ fibres and thickened hard 
cells ; w, the middle layer 
containinj^ spirals, and 
, the j>eculiar bodies, if, de- 
scribed in the text 


The second characteristic is a single layer 
of colls which support the palifeadc layer ; these 
cells in form suggest various similes: one 
observer sees in them ‘ pillars ’ ; another, ‘ hour- 
glasses*; a third, ‘reels of cotton* (see fig. 
69 fi), and, indeed, they are more or less like 
all these. Their peculiar shape is only to be 
fully made out in section ; looked at from 
above, they are merely polygonal or many-sided 
cells. These little pillars have very different 
shapes in different species, and afford a valuable 
means of diagnosis. In the bean, they are 
prismatic, contain one or two large monoclinic ^ 
crystals, and form no intercellular substance. 
In soya, lupine seed, and canavalia, the pillar- 
cells are as high as broad, and very much like 
cotton reels ; canavalia is peculiar in possessing 
several layers of them. In the lentil, again, 
they are broader than high, conc-like, and when 
looked at from above have a regular ^ve- to 
six-sided outline with an inscribed circle ; the 
lumen is filled with a granular dark or greenish 
mass. 


§ 252. The seeds of Caesia occidentalism have 
, been, to some extent, used as an adulterant, and as a substitute for coffee. 

^ Moeller, MVcroslccpis der Nahrmgs^ u, OmuaamtUd, 

* Holler i DmffU PcL ccxxxvii., p. 61 ; ccxxxviil, p, 1“ 


In Germany the ground and roasted seeds have been sold under the nan 
of ^Mogdad’ coffee, and it is said that neither by the taste nor by tl 
general appearance can the addition of cassia seeds bo detected, if su< 
addition does not exceed one-fifth of the weight of the coffee. The seei 
are small, flattened, oval, smooth, marked on each side of the two flatten! 




are Hbe pillar-cells/ spool-shaped, as broad as high, and very thick-walled, 
and these pass into some thick-walled four- to five-sided oblong cells, filled 
with an orange-red colouring-matter. Within the coloured cells are oval, 


A B 



Fm. 60.— A, Afifiotion of a scod of Pajlcia— p, the ‘pali.sade’ layor; s the pillar-like 
cells ; /, spojigy parencliyma, x 160 (after Moellicii). 

B, Isolated ‘ palisade ’ cells— a, tlie apex alone showing. 


round, or angular cells (according to the pressure), filled with granular 
matter, and making up most of the substance of the seed (see fig. 60 ' 



Flo. CO.— Section of seed of (7as5woccfc(rCTifa?M, x 170 , 


The composition of Mogdad coffee is as follows 


Cellulose, 

Fatty oil, 

Plant mucus, 

Astringent substance, gallo-taunic acid. 
Inorganic salts, .... 
Nitrogenous organic matters and loss, 
Nitrogen-free organic matter, . 

Water, . . , . ’ . 


, 21-21 
. 2*65 

. 30*60 
.. 5-28 

. 4-33* 

. 16-13 
. 8*86 
. 11-09 


^ The seeds of Cassia iKCidcntalis give 10 par cent, of ash. 



Chemical Methods op Detecting Adulterations. 


§ 253. When cliicory is mixed with coflfee, the chemical composition 
of the mixture shows, in some particulars, a marked deviation from that 
of pure coffee. 

Letheby’s analysis of chicory is as follows : — 


Hygroscopic moisture. 

Raw root. 

. 77-0 

Kiln dried. 
16-0 

Gummy matter, .... 

. 7-6 

20-8 

Glucose or grape sugar, 

. 1-1 

10-6 

Bitter extractive, 

. 4-0 

19*3 

Fatty matters, .... 
Cellulose, inuline, and woody matter, 

. 0-0 

1-9 

. 9-0 

29-6 

Ash, 

. 0-8 

3-0 


Composition of the roasted root :■ 

Hygro8coj)ic moisture, . 

Gummy matter, 

Glucose, .... 

Matter like burnt sugar. 

Fatty matter, . 

Brown or burnt woody niattei 
Ash 

The “ash of those had the following composition : — 


Chloride of jjotassium, . 

, 0-22 

0-46 

Sulphate of „ ... 

. 0-97 

0-98 

Piiosphateof ,, , , . 

. 1-41 

1-37 

,, magnesia, . . . 

. 0-90 

0-63 

„ lime, 

. 0*40 

0-81 

Carbonate of . 

. 0-10 

♦ 0-26 

Aliiinina and oxide of iron, . . 

. 0*20 

0-20 

Sand, 

. 0-70 

2-20 


( 1 .) 

14*5 

9*5 

12-2 

29-1 

2*0 

28*4 

4-3 


( 2 .) 
12 '8 
14-9 
10*4 
24*4 
2*2 
28*6 
6-8 


Chicory influences the composition of coffee as follows : — 

(1.) It decreases the gum, the latter seldom rising in chicory to more 
than 15 per cent., whilst in coffee it has not been found less than from 21 
up to 28 per cent. 

(2.) lb increases in sugar, roasted coffee having seldom so much as 2 
])er cent, of sugar; whilst chicory, when roasted, usually has at least 8 or 
9 per cent. 

(3.) It decreases the fatty matter, the fat of chicory ranging from 1 to over 
2 per cent, that of coffee -from about 14 per cent, up to over 20 per cent 
(4.) It decreases the tannin and caffeo>tannic acids, chicory being 
destitute of tannin. 


(5.) It decreases the theine, chicory possessing none. 

(6.) It profoundly modifies the constitution of the ash, especially by 
intr^ucing silica, which is not a componoLt of coffee ash. The main 
differences are thus as follow : — 


Silica and sand, , 
Carbonic acid, 
Sesquioxide 6f iron, 
Chlorine, 

Phosphoric add, , 
Total soluble ash, 


CofTee Ash. 
Per cent. 

* 14-92 

0-44 to 0*98 
0-26 to 1-11 
10-00 to 11-00 
76-00 to 85-00 


Chicory Ash, 
Per cent. 
10-69 to 36-88 
1-78 to 3*19 
8-13 to 6*32 
8-28 to 4*98 
6-00 to 6-00 
21-00 to 86-00 




Some approximate idea (although no accurate results) may be obtained 
)f the amount of chicory present, if a careful determination of the soluble 
ish is made. If we take the soluble ash of chicory as 1 *74, and that of 
3olfeo as 3 per cent., then Tabic XXXT. may be used. 


TABLE XXXI.— Givino thk Theorbitcal Quantity of Soluble Ash, 

CORRKSI'ONDINO TO VARIOUS AdMIXTUUKS OF ChIUORY AND COFFBE. 


Percental of 
Oliicory, 

Percentoge of 
Soluble Ash. 

Percentage of 
Chicory. 

Percentage of 
Soluble Asb. 

5 

2-94 

50 

2-58 

10 

2*88 

55 

2 -.56 

ir> 

2-82 

60 

2-52 

20 

2*70 

65 

2-f.O 

25 

2*74 

70 

2-48 

.30 

2-70 

75 

2-46 

35 

2*67 

80 

2-43 

40 

2*64 

85 

2-41 

45 

2 -GO 

90 

2-40 


By making standard infusions of pure coffee and chicory, and then f 
taking the same weight of the suspected coffee, and comparing the colour, 
it is possible to obtain some idea of the quantity of chicory added. 

Leebody recommends this to be done as follows ; — Take 1 grm. of the 
unknown mixture, and 1 grin, of a standard mixture of equal pjerts of 
chicory and coffee ; remove all the colouring-matter from each san.ple, and 
make the extract of each up to the same bulk. But 50 c.c. of the filtered 
extract from the imlmoion mixture in the Nessler cylinder, and determino 
by trial how many c.c. of the extract from the standard mixture, together 
with sufficient distilled water to make up the 50 o.c., will give the same 
colour. In calculating the percentage of chicory present, closely accurate 
results are obtained in practice by assuming the tinctorial power of chicory 
be three times that of coffee,— (J. E. Leebody, Chemical NewSf xxx., 
243.) 

Messrs. Graham, Stenhouso, and Campbell proposed to take the density 
of dijOferent infusions of coffee, etc., as a guide to its adulteration ; and this 
is found in practice to work tolerably well, and to give approximative results. 
The following solutions were made by them by first treating the powder of 
the roasted substance with ten times its weight of cold water, boiling, and 
filtering, and determining the density at 60“ Fahr. 


Spent tan, . , • 


1002*14 

Carrots, . . 


1017*10 

Lupine SOM, 


100670 

Bonks, 

Black malt, 


1018*60 

Acorns, 


1007*30 


1021*20 

Peas, .... 
Mocha coffee, 


1007*30 

Turnips, . 


1021*40 


1008*00 

Jlye-meal, . 


1021*60 

Beans, 


1008*40 

Dandelion root, . 


1021*90 

Niulgherry coffee, 
Plantation Ceylon colloe, 


1008*40 

Red-boot, . 


1022*10 


1008*70 

English chicory, 


1021*70 

Java coffee, 


1008 70 

Yoikshire chicory, 


1019*10 

Jamaica coffee, . 


1008*70 

Foreign chicory, ' , ■ 


1022*60 

Costa Rica coffee, 


1009*00 

Guemsey chicory, 
Mangel- Wuwel, 


1028*26 

>1 • 


1009*06 


1028*50 

Native Ceylon coffee, . 
Brown malt, , 
Parsnips, . 


1009*00 

Maise, 


1025*30 


1010*90 
, 1014*80 

Bread raspings, . 


1026*80 


' -4 / : 





It has been shown by Hehner and Sketchly ^ that a determination of 
furfural in chicory and coffee may .bo of use. If the furfural bo calculated 
into pentosans, then about double the quantity of pentosan is yielde<l by 
coffee as by chicory. 

The method to be pursued is as follows : — 

From 3 to 4 grms. of the substance arc placed in a suitable distiUing 
flask provided with a tap funnel, and 100 c.c. of dilute hydrochloric acid 
(strength 12 per cent.) added. The liquid is distilled, and wdien 30 c.c. of 
the distillate are collected, 30 more c.c. of the acid are added through the 
tap funnel, and so on until the distillate measures about 400 c.c. The 
progress of the reaction is traced by testing for furfural by taking a drop 
of the distillate on filter paper and touching the drop with a solution of 
aniline acetate containing sodium acetate. The presence of furfural is 
denoted by a pink colour. On adding a solution of pure phloroglucinol to 
the distillate and allowing to stand overnight, a black precipitate forms of 
furfural-phloroglucoside. This is collected on a weighed filter paper, 
washed and dried. The weight divided by 1*82 = furfural. This furfural 
may l)e calculated into pentosan by subtracting 0*0804 and multiplying 
the remainder by 1 ’88. 

#*SK^Genuino roasted coffee gave 2*5 per cent, of pentosan ; coffee containing 
,l52 cent, chicory gave 2*71 per cent. The same sample of chicory 
roas"^ for different lengths of time gave from 4*8 per cent, to 5*66 per 
cent, of^ntosan. 

Whel the microscope has detected chicory, and it is certain that 
nothing hut chicory is present, the most reliable guide is the density 
of the ifffusion. Of the strength given, if the specific gravity of coffee 
infusion be taken as 1008*5 and that of chicory as 1023’0, then the follow- 
ing table, from the authors’ experiments, will be a fair guide to the 
amount of adulteration. Tho error usually lies within 3 <per cent., while 
with calculations based on soluble ash the possible error is higher. It 
hence follows that the analyst must be very carefuhin his statements as to 
the percentage of chicory. The certificate should say . . . per 

cent. ) ” or supposing that from the soluble ash and from the specific gravity, 
as well as from the microscopical examination, a coffee seems to contain 
40 per cent, of chicory, it will be safe to subtract 6 per cent, for error, and 
give the amount as “af least 36 per cent” 

§ 254. W. L. Hiepe, taking into consideration the fact that pure coffee 
has *03 per cent, of chlorine, while chicory has *28 per cent, of chlorine, 
has proposed to calculate the percentage of mixtures on these data. If 
this method should bo accepted, it will necessitate a most careful incinera- 
tion , for in the majority of ordinary casos involving ash-taking, two-thirds 
of the chlorine is volatilised. 

Prunier, again, has attempted to deti rmine the coffee directly by weight : 
2 grms. of the mixture of coffee an4 chicory are weighed out, and the finer 
powder is separated by sifting through fine silk. ’ This is composed entirely 
of coffee, as may be proved by microscopic examination. That which 
remains on the silk sieve is moistened with water in a test glass; after 
some hours it is thrown dpon a piece of stretched cloth, and crushed with 
the fingers. The grains of coffee resist the pressure, whilst those of chicory 
penetrate under these circumstances into the cloth, and adhere to it The 
cloth is dried, and it is then easy to detach the coffee, which is added to 
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the fine powder from the first operation, and weighed after complete 
drying ; the chicory is tialculatcd from the loss. 


TABLE XXXII .— Giving the Appiioximati-; PrRtsKNTACiE or Chicojiy in a 
Decoction of Coffee and Ciiicoey. 


Specific 

Gravity. 

ercciitagf 
of (*oiTeu 
in Mixture. 

Specific 

Gravity. 

Percentage 
of Coffee 
in Mixture. 

Specific 

Qmvity. 

Percentage 
of f’offcc 
in Mixture. 

Specific 

Gravity. 

Percentage 
of (’offee 
in !^Uxtnre. 

1009-0 

96 - r ..^ 

■■ 

1011-6 

78-6 

T 014-2 

60-7 

1016-8 

42-8 

1009-1 

95*8 

1011-7 

77-9 

1014*3 

60-0 

1016-9 

42-1 

1009-2 

95-1 

1011-8 

77 2 

1014*1 

. 59-4 

1017-0 

41-4 

1009-3 

94-4 

lOU -9 

76 -.5 

1014-5 

. 58-7 

1017-1 

40-7 

1009-4 

93-8 

1012-0 

75-7 

1614-6 

58-0 

1017 '2 

40-0 

1009-0 

93-1 

1012-1 

7 .':-i 

1014-7 

. 57-3 

1017-3 

39-3 

1009-6 

92-4 

1012-2 

74-6 

101 1 -8 

56-6 

1017-4 

38-6 

1009-7 

91-8 

1012-8 

73-8 

1011-9 

55-9 

1017-5 

37-9 

1009-8 

91-0 

1012-4 

73-1 

101 . 5-0 

55-2 

1017-6 

37-3 

1009-9 

90-3 

1012-5 

72*4 

1015-1 

54-5 

1017-7 

36-6 

1010-0 

89-6 

1012-6 

71*7 

1015*2 

53*8 

1017*8 

35-9 i 

1010-1 

88-9 

1012-7 

71*0 

1015-3 

53-1 

1017*9 i 

35-2 iP 

1010-2 

88-2 

1012-8 

70 -.3 

1015-4 

62-4 

1018-0 

34 - 6 ‘,3 

1010-8 

87-5 

1012-9 

69-6 

1016-5 

51-8 

1018-1 

33;8 j 

1010-4 

86-8 

lOlS'O 

68 -9 

1015-6 

. 51-1 

1018*2 

i •32-W 

1010*5 

86-1 

1013-1 

68-3 

1015-7 

50-4 

1018*3 

1010-6 

85*6 

1013-2 

67-6 

1015-8 

49-7 

1018*4 

31 - 7 -'’ 

1010-7 

84*8 

1013-3 

66-9 

1015-9 

49-0 

1018*5 

1 31-0 

1010-8 

84*1 

1013-4 

66-3 

1016-0 

48-8 

1018*6 1 

30-4 

1010-9 

83-6 

1013*5 

65-6 

1016-1 

47-0 

1018-7 

29 7 

1011*0 

82*8 

1018-6 

64-9 

1016-2 

46-9 

1018-8 

28-9 

1011 -1 ! 

82*1 

1018-7 

64-2 

1016 -8 

46-2 

lOlS -9 

28-3 

1011-2 

81 -4 

1013-8 

63-5 

1016-4 

45-5 

1019-0 

27-6 

1011-3 

80-7 

1013-9 

62-8 

1016-5 

44-8 



1011-4 

80-0 

1014-0 

62-1 

1016-6 

44-2 



1011-6 

79-3 

1014-1 

61*4 

1016-7 

43-5 




H. Hager’s investigations into coffee adulteration may he detailed as 
bllows ; — To examine the uuroasted coffee for artificial colouring-matters, 
le treats the berries with cold water; when, if the berries are in their 
latural state, the water is scarcely coloured. 50 grms. are next macerated 
vith water, to which 1 per cent, of nitric acid has been added, and then 
lydric sulphide is passed through the filtrate ; from this solution chloro- 
form will extract indigo if present, Berlin-blue and alkanet pigment may 
ie dissolved out from the berries by carlxmate of potash solution, and then 
precipitated by hydrochloric acid. He finds also that when thrown into 
vater, imitation or artificial berries will sink to the bottom, while good 
perries swim. On treating 3 grms, of powdered coffee with 20 grms. of 
sold water, and filtering, after the lapse of half an hour the filtrate shoufii 
pe feebly yellow, and not taste in the least degree bitter ; in presence of 
upinc-seeds the taste is markedly bitter. 

With regard to the ‘swimming test,’ he recommends a saturated solutiou 
)f rock salt. 2 grms. of the coffee are placed in a narrow test cylinder 
with 15 to 20 o.c. of the cold saline solution; the coffee is shaken up with 
this, and then allowed to stand for an hour; after this time the coffee 
swims to the surface, and the water remains uncoloured. Lupine-seeds 
generally colour the salt solution yellow, and giv^ a strong deposit. The 






filtrate from pure coffee gives no precipitate with picric acid, tannin, iodine, 
or alkaline solution of copper. Ferric chloride strikes a green colour with 
false coffee; with starches iodine strikes a blue colour; with astringent 
matters, feme chloride a black colour ; if sugar from chicory, dates, etc., 
is present, alkaline copper solution is reduced. 

Lupine-seeds give, when extmeted by weak sulphuric acid water, only a 
slight turbidity with mercury potassic iodide. (Jofiee, on the contrary, 
under the same circumstances,, gives a strong turbidity; but if this is 
doubtful, the theine can be extracted from the solution by shaking it with 
chloroform or benzole, which dissolve^! the theine, but loaves the lupine. 

Hager has also a different method of taking the ‘ extmet ’ : 10 gnns. of 
coffee, 1 grm. of oxalic acid, and 80 c.c. cf, water are mixed by slmking, and. 
digested at 100“ C. for 3 hours, filtered, and washed with water until the 
filtrate is no longer coloured. The filtrate isievaporatcd to dryness. Pure 
coffee at the most yields in this manner 2-5 to igrms. of extract (including 
the oxalic acid), while chicory gives 5 to 7 grm**.^ and other substances 
similarly much increase the extract. His reason lot using oxalic acid is 
because of its changing starch into dextrin, and quickening the filtration. 

In regard to other adulterations, a gi*eat variety ot irtarch-holding sub- 
Sstances, with the cereals, may bo entirely excluded, as cer^Ainly not present, 
if ii||dirty-blue or violet colouration is j^roduced by iodine in an infusion of 
coffee?^ In order to apply this test properly, the infusion should be decolo- 
rised, w^ich is most rapidly done by a solution of permanganate of potash. 
Cofibe itfelf, as before stated, contains no starch. 

Burnt sugar, or caramel, is usually detected by observing the rapid 
darkcniiTg of water on which a little coffee is sprinkled, and the particles 
(on examination in water by the microscope) reveal themselves by the 
absence of organised stracture, and the coloured ring, arising from partial 
solution, round each. • 


Cocoa and Chocolatk. 

§ 255. ^JTie cocoa of commerce is made from the roasted seeds of the 
Tlmhroma cocao, a tree belonging to the natural order BijiftieriacecB^ whole 
forests of which exist in Demerara. It is also more or less extensively 
grown in Central America, Brazil, Peru, Caraccas, Venezuela, Ecuador, 
Grenada, Essequibo, Guayaquil, *Siuiiiam, and some of the West Indian 
Islands ; and its cultivation has also been attempted (in most cases suc- 
cessfully^ in the East Indies, Australia, the Philippine Islands, the Mauri- 
tius, Madagascar, and Bourbon. 

The principal kinds of cocoa in commerce are known under the names 
of Caraccas, Surinam, Trinidad, Grenada, Jamaica, Dominica, Guayaquil, 
Venezuela, Bahia, Brazil, and St. Lucia. The so^s are officinal in the 
French and Norwegian pharmacopoeias. They are ovate, flattened, 2 to 2J 
cm. [*7 to *9 inchj long, and 1 to cm. [*19 to *58 inch] broad, and 
covered with a thin red or grey-brown friable shell. The taste of the fresh 
seed is oily, bitter, and rather unpleasant. 

The seeds, on being submitted to a kind of fermentation (technically 
called the ffweating process), lose in a great measure this disagreeaible 
flavour, and develop an aromatic smell. Seeds which have been subjected 
to this treatment are best suited for the manufacture of chocolate, while 
those which have been simply roasted are richer in cocoa-butter. 

The cocoas of commerce are deprived of t^e hus^ and consist of the 
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;round or entire cotyledons. The cotyledons are made up of a parenchyma 
f small, polygonal, thin- walled cells (fig. 61). Within these cells are the 
ery small starch granules, measuring al)Out 6 micro-millimetres [;00f 
iich]. In some of the cells the starch is in little blimps, mixed with tat 
,nd albuminous matters. The starch is distin^iished from rice-starch by 
he granules being round and not angular. 7 It possesses considerable 
esistance to hot water, and the reaction with/iodiue is slow— a quick-blue 
lolour being only brought out by the addi^on of the chlor-iodide of zinc. 
Careful measurements made by Ewell gnsr© the maximum diameter as 0*012 
nm., minimum 0 002 mm., average a^ut 0*006 mm. Some of the cells 
on tain ‘cocoa red,’ which is colour^m blue by a solution of ferric chloride, 
,nd dissolved by strong potash to a green, by dilute sulphuric acid to a 
ed, and by acetic acid and alcohol to a violet solution; but the fresh 
eeds are colourless. 

The cotyledons are covoj'red with a thin glass-clear epidermis, consisting 
>f at least two layers of cells, and where it folds between the cotyledons of 
everal layers.^ These are very transparent, they often contain crystals of 
heobromin, and otl/cr crystals supposed to be those of a fatty acid. 
Utached to the epitKennis are to be found curious club-shaped hairs (fig. 61). 

A B 



Flo. 61. —Tissues of cocoa, x 160. A, Epidermis, beneath which are seen cells contain- 
ing two different kinds of crystelline cell contents ; /, crystals of fatty, acids ; 
crystals of theobromin ; h, a hair. B, The tissues of the seed proper ; spiral 
vessels ; a, thickened cells ; pai'enohyma, some of the colls of which are ^od with 
various cell contents. 

To examine ground cocoa mioroscopically, if not already fat free, it 
must be exhausted with ether — the finer particles may then be examined 
in glycerin and water for foreign starches, and lastly, the dark opaque 
portions cleared up by treating with a strong solution of potash. Unless 
methods of the above kind are adopted, but little can be made out from a 
microscopical examination. 

§ 266. The eommeixial varieties of cocoa are vefy titimerous : — Cocoa 
nibs are simply the bruised, roasted seeds deprived of their coverings ; and 
flake cocoa is composed of the nibs ground in a pal’tioular form of mill. 
The cocoa powdeie may be divided into those mixed with starches and 

^ ^ chief distinguishing marks of the husk are a large-celled epidi^is. and small 

ihick-^Ued cells ; but, uuIms as an adulteratioD, the husk wOl not occur in otdinaiy 
ooco%^’ 


lugar and partly deprived of fat, and those which, like the Dutch cocoas, ' 
lave been treated with salts of soda, potash, or ammonia, with the idea of 
loftening the cocoa fibre. These latter contain no added starch. Some of 
hem have not been deprived of fat. Another method of manufacture is 
to soften the fibre by heating in closed vessels with water to 150“ C. 

cocoa, according to an analysis advanced as evidence in the case 
of (Hhson V. LeafcTi is composed of cocoa 40 per cent., sugar 44 per cent., 
and starch 16 per cent. 

Granulated cocoa is mostly a mixture of nibs, arrow-root, and sugar ; 
Homoeopathic cocoa^ a prejmration of the same kind without the sugar; 
Maramlla cocoa contains sugar and much sago flour; and cocoa mence, 
cocoatinCj etc., consist of pure cocoa deprived of 60 to 70 per cent, of its fat. 

257. GhocMate. — In the manufacture of chocolate the cocoa-nibs are 
ground in a mill, the rollers of which are usually heated by steam, so as to 
soften the cocoa-butter ; and in this way a paste is formed which is mixed 
with refined sugar, and very often other substances, and pressed into 
moulds. Some of the recipes for chocolate are as follows : — 

(1.) French Ghorolate. — ^Two beans of Vanilla rubbed into a powder 
with sugar, and 1 lb, of best sugar to every 3 lbs. of cocoa-nibs. 

j!2.) Spanish Chocolate, — (a.) Cura^oa cocoa 11, sugar 3, Vanilla 
cinl^fmon cloves (6.) Caraccas cocoa 10, sweet almonds 1, sugar 
3, Vat^lla -jjy. 

{^.)\Vanilla Chocolate. — A chocolate paste highly flavoured with 
Yaiiilla, and generally with other si)ice8 as well, (a.) Caraccas cocoa 7, 
Mexicap Vanilla -j\, cinnamon and autficient cloves to flavour. (6.) 
Best chocolate paste 21, Vanilla 4, cinnamon cloves and musk in small 
quantities. 

' The chocolates of Plnglish commerce yield but little cocoa-butter, since 
they are mostly prepared from the cake left after expressi*>n of the oil. 

§ 258. The average chemical composition of cocoa, according to some 
English analyses, is as folio w's : — 


Cocoa butter, .... 

J. A. Wonklyn. 
50*00 

J. Muter. 

Tbeobromin 

1*50 

*90 

Starch 

10*00 

19*03 

Albumen, fibnn, and gluten, . 

18*00 

12*21 

Gum, 

Colouring mutter, . 

8*00 

6*40 

2*60 

3*69 

Water, 

6*00 

6*98 

Ash, 

3*60 

2*00 

Loss, etc., .... 

Cellulose, .... 

0*30 


. 

6’*05 


100*00 

100*00 


, The peculiar constituents of cocoa are three— viz., cocoa-butter, theo- 
^romh,, and cocoa red. 

Cocoa or CacaodmMer, Oleum theohromce, — This fat is a yellctwish-white 
concrete vegetable fat of about the consistency of tallow. Its specific 
gravity at 15* C. is from 0*95 to 0'96 ; and at 100* C. alwut 0'856. The . 
melting-point is from 28“ to 32* C., the solidifying-point of the fat from 21* , 
to 23* C., while the mixed fatty acids melt at from 48* to 60* C., and solidify,: 
at from 45* to 47* C. It has a definite Beichert value, the distillate being .! 
sufficiently acid to use Ironwl to 2 c.o. of decinormal alkali. The insoluble J 
fatty acids are somewhat low, about 94 to 95 per cent.; Uie Mponifioatiau.^ 
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Talue is from 193 to 195, and the iodine value from 32 to 38. The iodine 
value of the fatty acids, according to do Negri and Fabris, is 39-1. 

The acid value of commercial samples, according to Dietericb, is from 
rO to 2’3; samples slowly increase through age in acidity, the absolutely 
fresh butter only requiring from 0*06 to 0‘22 c.c. of decinormal alkali. 

The above constants are explained by the composition of cocoa-butter ; 
it consists chiefly of tlie glycerides of stearic, palmitic, and lauric acids, 
with small quantities of linoleic, arachidic, formic, acetic, and butyric 
acids. Cocoa butter is soluble in five parts of absolute alcohol, but in- 
soluble in 90 per cent, alcohol. 

It is often adulterated, particularly wdth tallow, almond, arachis, 
sesamd, and cocoa-nut oils, beeswax, stearic acid, and paraffin wax. 

Indications of such adulterations will be afforded by a detcjrmination of 
the constants given above. Thus a low saponification value suggests 
beeswax or paraffin wax. A high iodine value suggests some of the 
vegetable oils, such as sesamd, arachis, or almond. As regards tallow 
there are two special tests, Bjdrklund’s test as modified by Filsinger and 
Hager^s aniline test. 

Bjorklurul's Test. — The first test is performed as follows : — 2 grms. of 
the sample are melted in a test-tube and agitated with 6 c.c. of a mixture 
of four parts of ether (specific gravity 0*725) and one part of alcohol (specific 
gravity 0*810) ; should tallow be absent the solution remains clear; other- 
wise it becomes turbid, especially if the solution m cooled to 0“. 

Hager^s Aniline Test. — This is a test for not only tallow, but several 
other fats, A gramme of the sample is warmed with 2*8 grms. of aniline 
until it dissolves, and then allowed to stand for an hour at 15°, or, at higher 
temperatures, longer. Pure cocoa-butter forms a layer on the top which 
does not solidify for hours, but if it has been adulterated with tallow, 
stearic acid, or small quantities of paraffin wax, granules appear in the oily 
layer ; if largo quantities of atearic acid or paraffin wax are present, the 
whole may become a solid crystalline mass. A rough quantitative deter- 
mination may be made by comparing standard mixtures of the adulterant 
found and in any case the test should be confirmed by getting out the 
constants. Cocoa-butter is stated to be replaced in some cocoas by 
' mixtures of fats ; but this is rare ; at all events, no prosecution for such 

been in^uted in England. 

Cocoa-f^™ readily soluble in either ether or petroleum ether. It may 
be determined by exhausting a weighed portion, in a Soxhlet tube with 
either solvent, and since cocoa or cocoa nuxtures contain a good percentage of 
fat, small quantities may be taken, such m 5 grms., for this determination. 
; Cocoa should contain at least' 20 per cent of cocoa fat ; if loss than 
^ that is found, it is probably adulterated.^ 

* HK-CO 


^ ^259. TAcoZ/rowm (C^HgN^Og) or QQ ia 3 *.7 dimethyl- 

(anthin ; it may be tranafonned into theine by dissolving in ammonia, 
precipitating the ammoniaoal solution by silver nitrate, and heating the 
srystalline precipitate with methyl-iodide. Theohromin was discovered in 
1841 by Woskresensky, in the seeds of tl» Theobrmna cacao ; it principally 


* 20 per cent is the standard of the * according to 

* « much too low, 



resides in the cotyledons, and in smaller quantities in the seed coverings. 
The average yield of theobromin appears to be per cent. 

The original method of separation pursued by Woskresensky was— extraction on the 
water-bath with distilled water, filtering through linen, precipitating with sugar of lead, 
refiltering, freeing the filtrate from excess of load by SH^, evaporating to dryness, ami 
subsequent purifying of the residue by solution in spirit, aud treatment with animal 
charcoal. Mitschci'lich, again, boils the cocoa with a weak solution of sulphuric acid in 
order to change the starch into sugar, saturates the fluid with carbonate of lead, and 
ferments it with yeast to destroy the sugar. On the conclusion of the fermentation, the 
fluid is boiled, neutralised with soda, hlterod, concentrated by evaporation, and the 
impure brown theobromiu which separates boiled in hot nitric acid. This nitric acid 
solution is precipitated by ammonia, again dissolved in nitric acid, and the nitrate 
obtained by evaporation. According to Mitscherlich, the quantity obtained in tliis way 
is much greater than by other processes. 

Wni. E. Kunze ^ has made an exhaustive study of the published processes 
for the sepiiratioii and estimation of theobromin and theiiio in cocoa of 
Weigmann, Mulder, Wolfram, Leglcr, Trojanowsky, Zipperer, Siiss, 
Diesing, and J ames Bell, and finds them all imperfect or inaccurate ; 
and after much research, he has adopted the following, which, from test 
analyses, appears to give results of great accuracy: — 

10 grms. of cocoa are boiled with 150 c.c. of 5 per cent, sulphuric acid 
for 20 minutes, the fluid is filtered, and the residue well washed with 
boili? <5 water. While warm the mixture is precipitated by phospliomolybdio 
acid , 2 and after standing 24 hours the precipitate is filtered and washed 
with much 6 per cent, sulphuric acid. The precipitate while still moist is 
transferred to a flask, and decomposed with baryta water. The alkaline 
fluid is then saturated with CO 2 and evaporated to dryness. The dry 
mass is transferred to a flask, and exhausted by boiling chloroform, the 
flask for this purpose being connected with an inverted condenser. The 
chloroform extract is placed in a tared flask, the chloroform distilled off, 
and the residue dried and weighed. The weight equals theobromin + 
theine, with a little mineral matter, so small that, in technical analyses, it 
may be neglected. If it is desired to estimate these crystalline substances 
separately, the residue after weighing is dissolved in a little water, ammonia 
added, and to the ammoniacal solution silver nitrate added. On prolonged 
boiling the crystalline silver theobromin falls down (C^H.^Ag'N' 402 ) containing 
37*488 per cent. Ag. This may be weighed, or dissolved in dilute nitric 
acid, and the silver precipitated .is chloride. Kunze, however, prefers a 
volumetric process of separation. He adds a measured quantity of silver 
nitrate solution of known strength (say 5 per cent.), and after filtration, 
titrates the unused silver by ammonium Bulphoeyanide — by multiplying 
the silver thus found by difference in the precipitate by the factor 1*66 (f( 
108 silver =180 theobromin) the weight of the theobromin is obtaine 
and this weight subtracted from the rumbined weight of theobromin ai 
theine gives, of coiirse, the theine. 

Theobromin forms microscopic rhombic needles. It is generally thougl 

^ Zeii. /. analyt. Ohm,, 1894, 1. S«o also Brumnor and Heinrich Leins, Schme't 
Wocken. f. Ohm, u. Phamh, March, 1893. 

^ Pre|>ared by precipitating ammonium molybdate, by sodic phosphate, suspeiidi] 
the well-washed pi^ipitate .in water, and adding sodium carbonate, and warming un 
dissolved. The solution is evaporated to dryness and ignited. Tlie ignited residue 
powdered, mixed with nitric acid into a paste, and again ignited.^ The residue is warm 
with water, nitric add added to strong acid reaction, and diluted to 10 per oeut. ; t 
solution is warmed for some time and ultimately filtered ; the result should be a cle 
yellow liqiud. ^ 



io sublime between 290“ and 295“ C. without decomposition, but this 
iompcrature is many degrees too high. The senior writer finds that a 
ninuto fragment, placed in the subliming cell elsewhere descril)ed, begins to 
five fine nebulse at 134“ C., and on examining the mists by a high power, 
hey are resolved into extremely minute dots ; distinct crystals are obtained 
tt tcmpcmturos of 1 70“ C. and above. Theobromin is insoluble in petroleum 
ether, and not very soluble in ether, one part requiring 600 parts of boiling 
and 1700 parts of cold ether. It is soluble in alcohol, 1 part requiring 47 
parts of boiling and 1460 of cold alcohol. Its solubility in water is stated 
to be 1 in 55 parts at 100“ C., 1 in 600 parts at 20“ C., and 1 in 1600 at 
0“ C. It is somewhat soluble in chloroform and warm amyl-alcohol, but 
with difficulty soluble in benzoic. 

Tlieobromin ^ forms easily crystallisable salts. The simple neutral salts 
arc decomposed by water, with the formation of basic salt^ and lose their 
acid, if it is volatile, at 100“ C. A hydrochloride of theobromin, 

HOI; a nitrate, C^lIjjN^OgjNHOg; a platinum salt, CKHgN^OojHClPtClg 
-f2H20; are all very definite crystalline compounds. A noteworthy salt 
is that with nitrate of silver, which is formed by adding a solution of 
argentic nitrate to a solution of nitrate of theobromin ; in a short time 
there separate silver- white needles, very insoluble in water, of the com- 
position C 7 HgN 402 ,NH 08 -f AgNOg. 

The other preoipitants of theobromin are — ^phospho-molybdic acid (yellow) 
and chloride of gold (long needles). Tannic and picric acids only prcxiucc 
turbidity, while potass, mercuri/o iodide and potass, cadmium iodid i do not 
precipitate, A characteristic reaction of theobromin is that produced by 
peroxide of lead and sulphuric acid. If peroxide of lead and ^diluted 
sulphwic acid are heated with theobromin, avoiding an excess of the 
oxidising agent, COg is devek>ped, and if filtered from lead sulphate the 
filtrate gives off ammonia with potash, separates sulphur on treatment 
with SHg, stains the skin purple-red, and colours magnesia indigo-blue. 

Thoobromin is poisonous to kittens (and other animals of similar size) in such large 
doses as a gramma It appeal's to bo separated by the kidneys, and could probably bo 
discovered in the mine of any i^rson taking large quantities of cocoa. The method of 
research successfully used by Mitscherlich is as fdlows : — The urine is acidified with HGl, 
•filtered, and to the filtrate, acidified with nitric acid, a solution of phospho-raolyMate of 
Ma is added. The precipitate is collected, and treated with bai-yta water until it is 
strongly alkaliue, warmed, filtered, and the filtrate evaporated ; the residue extracted 
with alcohol, refiltered, and the filtrate again evaporated. This last residue is dissolved 
in a drop of hydrochloric acid, and pi'eoipitated by ammonia. The alkaloid may now bo 
collected, and, if necessary, purified. 

§ 260. Cocoa red is an astringent colouring-matter found in cocoa. 
On saponification it breaks up into glucose, tannin, resin, and the ill- 
defined brown amorphous substance to which has been given the name of 
phlobapheue. , ■ 

When cocoa is freed from fat the red colouring-matter is only partially 
extracted by solvents, unless a mineral acid has beOn added. By adding 
a few cubic centimetres of hydrochloric acid and, gently warming for a few 
seconds, the red colouring-matter is , dissolved with great by amyl 
alcohol, as well as by ethyl alcohol. It can be in part shaken out of an 
aqueous solution by amyl alcohol. It is insoluble in ether or petroleum 
ether, but dissolves a slight extent in carbon bisulphide.' The best w-ay 

* E. Fisher {Ber, d. d. (ihein. (hselU., xv., 4fi8-^456) has .tmnslbninsd xanthine, 
into theobromin by heating lead xanthinate, dned at 180“ in a se^ed tube. 
;at 100“ Vito i its weight of methyl io(&e. * 



to extract cocoa red is, apparently, as follows : — From 2 to 3 grins, of the 
fat-free cocoa arc made into a paste with hydrochloric acid, the acid paste 
put into a Soxhlet tube and exhausted by 100 c.o. of absolute alcohol, the 
alcohol being heated in a flask standing in a beaker of boiling water. 
Before beginning the extraction, sufficient silver oxide is added to tlio 
alcohol in the flask to fix the hydrochloric acid. The alcoholic liijuid is 
cooled, filtered, and then precipitated by an alcoholic solution of lead 
acetate. The precipitate is of a purple black. It is collected on a filbjr, 
well washed with boiling water, and then transferred to a small flask, some 
70 per cent, alcohol added and the lead salt decomposed by Si I.,; on 
getting rid of the SJIg, filtering and evaporating to dryness, the red 
colouring-matter is obtained in a solid form, and by repetition of the 
process purification may be effected. 

A solution of cocoa red obtained in this way gives a diffuse band in the 
green, allowing the red, blue, and most of the yellow rays to be transmitted. 
The solution in alcohol is capable of being estimated on colorimetric 
principles, but low results are obtained because the process always entails 
some decomposition. 

If estimated by quantitative spectroscopy, the wave lengths botwooii 
i2f$Q,and 578, between 578 and 665, and between 539 and 529 arc the best 
adajipd. 

Th'^ absorption factors for these \vave lengths are as follows : — 

X690 tol)78, 0 -001832 

XfiTS „ 666, 0-00148 

a539 „ 629, 0 •000996 

Cocoa rod is a sensitive reagent to acids and alkalies, alkalies generally 
striking a dirty green, mineral acids a red with a violet shimmer. The 
solution in water is bitter, and gives precipitates with the salts of iron, 
copjier, and silver. ♦ 

Zipper&t^B Meihx)d of Detemnining Cocoa Red and the Products of iU 
DecompoBitim . — 100 grms. of cocoa are exhausted of fat by petroleum 
ether. The residue is dried and then macerated for 8 days in a litre of 
absolute alcohol. The alcohol is filtered off, and most of the alcohol is 
recovered by distillation; in any case the alcohol is evaporated to an 
extract and weighed. This mainly consists of cocoa red with resin and 
phlobaphone, products of its decomposition ; the weight may be designated 
by p. The cocoa which has been exhausted by petroleum ether and treated 
with alcohol is now macerated in a litre of water for two days, at the end 
of which period it is filtered. The filtered liquid is precipitated by four 
times its volume of absolute alcohol and again filtered. The filtrate is 
evaporated to an extract. The extract is treated with a definite quantity 
of water, and a fractional portion of this is precipitated with neutral acetate 
of copper ; the tannate of copper is collected, dried, weighed, and incinerated, 
the IpsB of weight on incineration being returned as tannin ; let this weight 
bo denot* d as pi ; then p + p i equals * cocoa rsd.^ The phlobaphene and 
resin maj' also be determine. To do this the alcoholic extract, p, after 
being weighed, is treated on a filter with acidulated water (which dissolves 
the tannin) and washed with water. The residue thus freed from tannin 
is washed with 200 c.c. of ammoniacal water (50 per cent.) which dissolves 
the phlobaphene ; and the solution is filtered, evaporated to dryness, and 
weighed as phlobaphene. The residue freed from tannin and phlobaphene 
is dried and . weighed, and returned as resin. Zipperer obtained from a 
sample treated in this way, pw 3*6.4 pw Uent, pi 1^2*86, phlobaphene, 3*0, 
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resin 0*07 ; in other words, the total cocoa red was 5 ‘49, the tannin gluco- 
sidu being equal to the dilferenco between the weight of the total cocoa red 
and the united weight of the phlobajdiene and resin — that is to say, 6*49— 
2*07 = 3*42 per cent. 

Zipperer’s method with its large quantities of absolute alcohol is 
expensive and time-consuming, and without a doubt could bo simplified. 
With careful work certainly a tenth of the quantities may bo used — that 
is to say, 10 grms. of cocoa instead of 100, and the solvent diminished in 
the same proportion. 

§ 261. Detei'mination of Crude Filrre . — A gramme of the substance is 
freed from fat by exhaiistion in a Soxlilet tube with ether or petroleum 
ether. It is then boiled under an inverted condenser with 1 *26 per cent, 
of dilute sulphuric acid j for this purpose from 100 to 150 c.c. of acid will 
bo required \ it is then filtered and thoroughly washed with hot water. 
The matter on the filter is next washed into a flask and boiled with 100 c.c. 
of 1*25 per cent, soda solution. This is filtered and the residue thoroughly 
washed with hot water and, lastly, with alcohol, collected on to a platinum 
dish, dried, weighed, and ignited. 

§ 262. The Ash , — The composition of the ash of cocoa seeds is stated 
by Mr. Wanklyn to be as follows : — 


Composition of Ash of Cocoa Seeds. 

Per cent 


Potash, 29*81 

Chloride of sodium, 6*10 

Ferrous oxide, 1 *60 

Alumina, . 2*40 , 

Lime, 7 *72 

Magnesia, 7 *90 

Phosphoric acid 24*28 

Sulphuric acid 1 '92 

Carbonic acid, 0*98 

Silica, 6*00 

Sand, ... 12*15 


The percentages of ash found in cocoa are given as follows : — 


Percentage 
of Asli. 

Common Trinidad, ,3*27 

Very fine Trinidad ' , 3*62 

Fair, ^od, fine Trinidad, 3 *64 

Fine Gmuada, 3 '06 

CaTBCcaa, 4*58 

Bahia (Brazil), ..8*31 

Fine Surinam (small), 3 *06 

Mexican, , . 4*27 

Dominican, ' 2*82 

African, ■* . * . . . 2*68 

Mean of the ten being' 8*48 


Thus the lowest determination is 2*68, the highest 4*58 per cent. The 
nibs show a lower ash than the shell. The nibs of the Oaratcas give 3*95 
per cent of ash, 2*00 being soluble and 1*95 insoluble in water. The nibs 
of Mexican seeds give 2*69 per cent, of ash, *89 part being soluble and 1*70 
insoluble in water. The ash of the shell is rich in, but. the nib almost 
devoid of, carbonates. The ash should in all cases be dissolved in a 
measured quantity of d. n. sulphuric acid, boiled to expel carbonic acid gas, 
and thou, after adding litmus, titrated back with d. n. soda ; the difference 
between the two results is a measure of the alkalinity of the ash. and is 



called by the American chemists the “ acid equivalent.” Dutch cocoas and 
others whicli have been treated with alkalies show a high alkalinity. Mr. 
Heisch has examined the cocoas of commerce, with the results embodied in 
the following tables : — 

TABLE XXXIII.— Examination of Boasted Beans aftek Removal 
OF THE Husk. 



Husk. 


Nitrogen. 

Albuminoids, 


Ash soluble in 
Water. 

a 

4> 

Id 

sn 

< 

JS 

< 

a 

1 

Moisture. | 

Starch, Gum, 
Cellulose, etc. [ 

• 

Cai'Jiccas, 

13 ‘8 

48-4 

1-76 

iri4 

3*95 

2*15 

1*80 

1*54 

4*32 

32*19 

Trinidad, 


49-4 

1*76 

11-14 

2*80 

0-90 

1*90 

0*93 

3*84 

32*82 

Surinaiii, 


.')4-4 

1-76 

11*14 

2*35 

0*80 

1*H5 

1*23 

3*76 

28*35 

(luayaquil, . 
Grenada, , 

11 -.5 

49-8 

2*06 

13*03 

2*50 

1-76 

1*76 

1*87 

4*14 

30*47 

14*6 

45 '6 

1-96 

12*40 

2*40 

0*60 

1*80 

1*36 

8*90 

35*70 

Bahia, . 

9*6 

50-3 

1*17 

7*40 

2-60 

0-90 

1*70 

1*26 

4*40 

35-80 

Cuba, . 

12*0 

46-3 

1-37 

8*67 

2*90 

0*95 

1*95 

1-13 

3*72 

39*41 


8*6 

64-0 

2*00 

12*66 

3*05 

1*40 

1*65 

1*00 

3*96 

26*33 


Th^-’c are also some analyses by Kdnig as follows : — 


TABLE XXXIV,— I, Cocoa Beans dei'Iiived of the Shell. 


0 

Water. 

Nitro- 

genous 

Sub- 

siaucea 

Fat. 

Starch. 

Other 

Nitrogen 

Free 

Matters. 

Cellu- 

lose. 

Ash. 

1. 

Caraccas I. , 


4*04 

14*68 

46-18 

12-74 

(18-60) 


3-86 

2. 

„ 11, . 


4*72 

14 06 

49-36 

13-99 

9-46 

4-20 

4-21 

3. 

OnHyaqiiil I., . 


3*63 

14*68 

49*64 

11 -.56 

12-64 

4-13 

3*72 

4. 

II.. 


2-61 

16*25 

46*99 

10-82 

16-12 

3*63 

3*68 

5. 

Trinidad L, . 


2-81 

15*06 

48*32 

14-91 

12-06 

3*62 

3-2-2 

6. 

M n., . 


2*28 

15*12 

52*14 

14-88 

8-82 

8-87 

8*39 

7. 

Pueiiw Cabello, 


2-96 

16*03 

50*57 

12-94 

11-49 

8-07 

3-94 

8. 

Sucosnusco, 


2*95 

13*19 

48*38 

15*13 

13*20 

3-34 

3*21 


Mean, 


3*25 

14*76 

49-00 

18*31 

12-86 

8*68 

8-66 


II. Cocoa Husks, 



Amount 
ul Shell. 

Water. 

Nitro- 

genous 

Sub- 

stauces. 

'■'at. 

Nitrogen 

Free 

Con- 

stituent. 

Celia- 

lose. 

Ash. 

Sand. 

1. 

Caraccaj I., 

16-03 

7-41 

13-98 

4*94 

<l-78 

12-91 

7*41 

12*62 

2. 

„ n., . 

20-09 

7*74 

11-68 

5*99 

86*29 

12-79 

8*82 

18*19 

3. 

Guayaquil, 


8*98 

18-44 

8-12 

48*01 

18*87 

6*81 

0*82 

4. 



•911 

12-94 

1076 

47*08 

18*12 

6*79 

0*21 

6. 

Trinidad, 

16-36 

9-04 

14-94 

6-18 

44*80 

16-36 

6*89 

2-29 

6. 

It 

14*04 

8-30 

16-44 

4-23 

46-06 

18*00 

7-06 

0-92 

7. 

Puerto Cabello, , 

14-92 

6-40 

18-76 

4-38 

47-12 

14-83 

6-06 

7*46 

8. 

Socosnusco, ^ . 

18*58 

6*48 

1912 

6-48 

89*39 

16-67 

8*16 

471 


Mean, 

16*83 

rm 

14-29 

6-88 

48*79 

14*69 

7*12 

6*90 









Sixty-four analyses of commercial samples of cocoa and chocolate have 
jeen made in the U.S. Agricultural Laboratory, and the general results 
nay be classified as follows : — 


TA15LE XXXV. 



MoiHiuro. 

Fttt. 

Fibre. 

Ash. 

Acid 

Eiiuivalout. 

Acid 

Eijiiivalunt 
by Ash. 

Siij^ar. 

A. Sanuiles of cocoa or chocolate in commerce witftoiU any admixture, hut most of 

them eoidcnlly showhuj ireaimcAit by steam or alkalies. 


Maximum, 

3*5 

.50-85 

.5*02 

8-64 

16*6 

4*9 


Minijiiuin, 

2*5 

27 -.56 

2*87 

3*17 

4-9 

1*35 


Mean, 

3*0 

35 0 

3*90 

5-28 

12-0 

2-2 


B. 

Cocoas and chocolates miecd only loith sugar. 



Maximum, 

1-75 

25*74 

1-99 

2*20 

2*90 

1*20 

63*0 

Minimum, 

OPS 

18*47 

0*94 

1*28 

1 50 

•72 

.51*0 

Moan, 

1*13 

22*3 

1*81 

1*58 

2*81 

1*40 

57-3 

C. (7(W0/m aivi chocolates mined with wheat, four, a-ad sugar. , 

Maximum, 

2‘46 

28*72 

1*85 

3*20 

2*70 

1*58 

4)0*0 

Minimum, 

0’85 

16*92 

0*81 

0*97 

1*25 

0*46 

61*0 

Moan, . 

1-71 

20*79 

1*14 

1*55 

1*86 

1*28 

56*7 

D. Cocoas and chocohUs mixed loith arrowroot and sugar. 

Maximum, . 

2'S 

28*79 

1*20 

3*15 

4*60 

1*63 

51*00 

Minimum, 

0*6 

11*13 

2*62 

1*40 

2*26 

0*83 

26*00 

Mean, 

1-4 

22*80 

1*85 

2*30 

3*08 

' 

1*37 

86*4 


E. Bensemann lays stress on the relations between the fat, starch, and 
matters insoluble in water. Designating the starch by S, the fat by F, 
the insoluble matters in water by U, the starch divided by the difference 
between the fat and mattei's insoluble in water gives what Bensemann calls 
**the starch coefficient,” and is an s.id to estimating the admixture of 
cocoa with flour or starch. He also gives other coefficients. This method 
and its results can be gathered from his analysis as follows ir* 





TABLE XXXVL — ^Bensemann’b Analyses of Cocoa, Coco ► Httsks, and Chocolate. 



1-65 22*57 1 4*58 8*58 > 60*63 | 1*99 I 0*30 



AflU AJNAIiXBIS. 

TABLE XXXVII.— Nitmbbioal Relations bktwren thk vauious Constituents 

OF THE COOOAS IN THE PREOEDINO TABLE AS OALOULATED UV BensEMANN. 


S=8tarcA ; F=/at ; U^iotal organic imti&r insolahh in waier. 



8 

ir:F 

F 

TJTs 

s 

IJ 

F 

IJ 

s 

F 

Air-driod husked heaiiM— 






Maracaibo, 

0*4289 

0*7395 

0*1636 

0*6185 

0*21546 

Caraccas 

0*4074 

0*7273 

0*1678 

0*6*125 

0*2677 

Trinidad, 

0*;J452 

0*7297 

0--1247 

0*6387 

0*19.53 

Machala (Guayaquil), . 

0*3.')83 

0*7330 

0*1297 

0*6379 

0*2033 

Portoplata, 

0*3660 

0*7734 

0-1481 

0*6689 

0*2247 

Means, .... 

0*3946 

0*7406 

0*1446 

0 6336 

0*2283 

Air-dried husks — 

Maracaibo, 

0-1390 

0*0412 

0*1311 

0*0367 

3*7564 

Gtiraccas, ..... 
Trinidad, 

O'] .'>25 

0*0366 

0*1479 

0*0304 

4*8674 

0-1 .51 5 

0*0467 

0*1456 

0*0399 

8*6113 

Machala (Guayaquil), . 

0*1272 

0*0402 

0*1227 

0*03.52 

3*48*27 

Portoplata 

0*1850 

0-0797 

0*17*28 

0*0660 

2*6202 

Means 

0*1508 

0*0484 

0*1446 1 

0*0414 

3*4920 

Chocolate in cakos mixed with sugar 
only— 






4 ‘8 marks t)er kilo, 

0*3838 

0*7303 

0*1438 

0*6263 i 

1 0*2300 

4*0 )t it ... 

0*3476 

0*7161 

0*1314 

0*6220 ' 

1 0*2112 

8*2 „ ... 

0*3310 

0*7226 

0*1207 

0*6354 

0*1809 

2*4 n 11 ... 

0*3029 

0*7O3r> 

0*1141 

0*6232 

0*1831 

2*0 „ „ ... 

0*3729 

0*7490 

0*1298 

0*6617 

0*1992 

Moans, .... 

0*3480 

0*7245 

0*1282 j 

0*6317 

0**20*29 


§ 263. Stutzer classifies the nitrogenous constituents of cocoa as 
follows : — 

^ 1. Non-proteids, substances soluble in neutral water solution in 

presence of copper hydrate (theobromin, ammonia, and amido 
compounds). 

1 Digestible albumen. 

3. Insoluble and indigestible nitrogenous substance. In three samples 
he found the mean numbers in per cent, of total nitrogen to be — soluble 
non-proteid nitrogen 29*4 per cent., albumen 32*2 per cent., and not 
digestible 38*4 per cent. Mr. Wigner’s examination of the nitrogenous 
constituents of cocoa, based on 84 commerciar samples, is given in Table 
XXXVIII. 

§ 264. Adulterations of Cocoa , — The list of adulterations usually given 
is as follows .'—Sugar, starches, Venetian red, brick-dust, and peroxide of 
iron. Some of these sophistications, such as the starches, majr be detected 
by a preliminary mici-oscopical examination, which in no instance should 
be neglected. The ordinary chemical examination consists in the extraction 
of the fat as before described, the estimation of the percentage of ash in 
the ordinaiy way, its division into soluble and insoluble, and its content of 
phosphoric acid. By a simple estimation of the fat and the chief con- 
stituents of the ash, supplemented by the use of the microscope, all known 
adulterations can be detected. The amount of phosphoric acid in the ash 



of soluble cocoas has been taken as a basis of calculation of the amount of ' 
cocoa, and in the absence of foreign seeds, or other phosphate-producing 
substance, the calculation will be a fair approximation to the truth. The 
ash itself and the amount of phosphoric acid will, of course, be very 


TABLE XXXVIII.—Nitroqbnous Constituents of Cocoa. 




} 

1 

H 

V . 

p 

n 

5.2® 

|l? 

.S QID 

m 

1! 

0 

111 

§■3 § 

iiri 

Per cent. Total 
Xon-Coagolable. 

1. . 


1* * * § 095 

•600 

9 92 

3*80 

312 

54*9 

2. . 


1*162 

■760 

7*85 

4*81 

2.54 

66*5 

3. . . 


2*978 

2*335 

18-84 

14*;9 

4*0.5 , 

78*5 

4. . 


*965 

•375 

6*11 

2*37 

3*74 

38*8 

5. . 


*699 

•380 

4*42 

2*09 

2*33 

47*3 

6. . 


1*201 

•770 

7*81 

4*88 

2*73 

34*1 


fSociuiza, . 

2*040 

1*175 

12*92 

7*44 

4*48 

57*6 

"^itl^Sted beans, - 

1 Pam, 

2*000 

1*045 

12 67 

6*62 

6*05 

62*2 

j Tiinidad, 

1*490 

1*050 

9 46 

6*05 

2*81 

70*8 



t Grenada, . 

2*370 

1*385 

14*99 

7*66 

7*48 

50-4 


notobly diiiinished in the case of the soluble cocoas, and the percentage of the 
phosphoqc ''acid will in such instances be a fair guide to the amount of 
foreign admixture. For example, suppose a soluble cocoa to yield an ash 
of 1 *5 per cent., *6 of which is duo to phosphoric acid, taking as a basis 
of calculation *9 per cent^ of phosphoric acid in cocoa nibs : — 

*9 

That is, the mixture contains about 66*6 per cent, of cocoa. The amount 
of starch in cocoa may be determined in the ordinary way, as described nt 
p. 136 et seq., but the process is somewhat tedious, and may be dispensed 
with, since the extract in cold water is always a guide to the adulteration 
by starchy substances. Cocoa nibs treated in this way give to water about 

6*76 per cent, of organic matter and 2*16 of ash. The determination of 
theobromin and of cocoa red is also of use. 

§ 265. Adulteratiom'of Chocolate . — Oil of almonds, cocoa-oil, beef and 
mutton fat, starches, cinnabar, chalk, and various other substances are 
usually enumerated; a few of these are, however, apocryphal. 

The analysis of chocolate is conduct, on exactly the same principles 
as that of soluble cocoa. If it is desired to separate the different con- 
stituents, the method recommended by A. Porrier may be used : — Extract 
the fat with ether, and the sugar with alcohol ( f 20 per cent., and dissolve 
the staren out by boiling water. The liquid holding the starch is then 
decolorised by animal charcoal, and the starch precipitated by alcohol of 
50 per cent., dried, and weighed. But as rega^ adulteration, the pro- 
cedure recommended in the case of cocoa will be found quite efficient, and 
less cumbersome and tedious. 

^ The lowest peroentago given by Hr. H^h, and but little different from Mr,^ 
Wanklyn’s. 






PAET VI. 


ALCOHOL, SPIRITS, LIQUEURS. 




PART VI.-ALCOHOL, SPIRITS, LIQUEURS. 


ALCOHOL 

§ 266. The term alcohol^ in its strict chemical sense, applies only to 
the neutral compounds of oxygen, carljon, and hydrogen, which, by the 
action of acids, form ethers. The principal alcohols arc enumerated in the 
.following table : — 


TAllLK XXXIX.— Exhibiting thk Pbopbrties of the Puinoipal AiiCOHOLs. 


Alcohuls. 

Formula. 

Specific! Gravity, 
16 ' 6 *. 

Vapour. 
Tlel. Wt. 

tolling Point. 1 

0 


Liquid. 

Vapour. 

H=l. 

Kahr. 

Cent. 

1 . Wood spirit, orl 

mothylic alcohol, . J 

2 . Spirit of wiue, or j 

ethylic alcohol, . ( 
8 . Tritylic or propylic, . 

4. Teti’ylic or butylic, . 

6 . Fousel oil, or amylic, 

6 . Ilexylio or caproic, . 

7 . Heptylic, . 

8 . Ocfylic or caprylic, . 
12 , Laurylic, . 

1 0. Ethal or cetylic, 

27. Oerotin or ceiylic, 

80. Mdissin or mellisylic 

GILO 

CaHoO 

O 4 H 10 O 

C,Hv..O 

(VluO 

C7lL«0 

CsILhO 

CvJLjy 

SS:i; 

0798 

07936 

0 - 8 ] 7 

0*8032 

0*8184 

0*831 

0*819 

0*823 

1*12 

1-6133 

2*02 

2*689 

3*147 

3*63 

4*60 

16 

23 

30 

37 

44 

61 

58 

65 

^.148*6 

173*0 

207*3 

242*0 

280*0 

314*0 

848*8 

384*8 

647 

78*8 

97*4 

117*0 

138*0 

167*0 

176*0 

196*0 


Of these ethylic alcohol, wood spirit, anti fousel oil are the three of most 
importance to the analyst. 

Ethylic Alcohol, CgH^O, specific gravity, 0‘8059 at 0’ C., 0’7936 at 
15° *5 C. ; boiling point, 78°*3 C. Absolute alcohol is usually obtained by 
digesting strong alcohol with freshly ignited lime, and distilling. Young ^ 
has, however, shown that a mixture of alcohol, benzene, and water 
distilled with the aid of an efficient still head, and fractionated, will yield 
at one operation a large fraction of alcohol containing a little over 1 per 
cent, of water/-* This fraction on repeating the opemtion may be made 
similarly practically absolute by the use of benzene, the benzene acting as 

1 Jffwm, Ckem. Soc, Trans,, 1902, 707. 

* Dilute methyl alcohol can be fi-eed from water by simple fractional distillation 
(Young and Fortey, qp. 719). 




^BO - foom': fitfiiS 'composition ANI) AMtysia; 


TABLE XL . —Estimation OK Alcohol. 


Hpocfflc 

gravity, 

16-D'. 

Abmilute 

1 Alcohol 
by weight. 
Per cent. 

Absolute 
Alcobol 
by vulnrue. 
Per cout. 

Pl’OOf 

Spirit. 
Per cent. 

I'OOOO 

0-00 

0-00 

0-00 

*9999 

0-05 

0-07 

0-12 

•9989 

0-58 

0-73 

1-28 

*9979 

1-12 

1-42 

2*48 

•9969 

1*76 

2-20 

3-85 

•9959 

2-33 

2*93 

6-18 

•99-19 

2*89 

3-62 

6-34 

■9939 

3-17 

4-34 

7-61 

•9929 

4-06 

6-08 

8-90 

•9919 

4-69 

5-86 

10-26 

*9909 

6-31 

6-63 

11-62 

•9899 

6-94 

7-40 

12-97 

•9889 

6-64 

8-27 

14-50 

•9879 

7-33 

9-13 

15*99 

•9869 

8*00 

9-95 

17-43 

•9859 

8 ‘71 

10-82 

18-96 

•9849 

9-43 

n -70 

20-60 

•9839 

10-15 

12-58 

22-06 

•9829 

10-92 

13-52 

23*70 

•9819 

11 '69 

14-46 

25-34 

•9 S 09 

12-48 

15-40 

26-99 

•9799 

13 '23 

16-33 

28-62 

•9789 

14-00 

17-26 

30-26 

•9779 

14*91 

18-36 

32-19 

•9769 

16-75 

! 19-39 

! 33-96 

•9759 

16*54 

20*83 

35-63 

•9749 

17-33 

21-29 

37-30 

•9739 

18-16 

22-27 

39-03 

•9729 

18-92 

23-19 

40-64 

'•9719 

19-76 

24-18 

42-38 

•9709 

20-58 

25-17 

44-12 

•9699 

21*38 

26-18 

46-79 - 

•9689 

22-15 

27-04 

47*39 - 

•9679 

22-92 

27-96 

48-98 

•9669 

23-69 

28-86 

50-67 

•9659 

24-46 

29-76 

62-16 

‘9649 

26*21 

80-66 

53-71 

•9639 

26-93 

81-48 

66-18 

•9629 

26-60 

82-27 

66-56 

•9619 

27-29 

88-06 

67-94 

•9609 

28-00 

83 -89 

69-40 

•9599 

28-62 

84-61 

60-66 

‘9589 

29-27 

35*36 

61 *95 

•9679 

29*93 

36-12 

63*30 

•9569 

80-60 

36-76 

64-48 

•9559 

81 -06 

87-41 

66-65 

•9549 

31-69 

88-11 

66-80 

•9539 

82-81 

88-82 

68-04 

‘9529 

82-94 

89-64 

69-29 

•9619 

SS-SS ' 

40-20 

70-46 

•9609 

84-10 

40-84 

71-68 


Specific 

gravity, 

16-6'. 

Absolute 
Alcohol 
by weight. 
Per cent. 

Absolute 
Alcohol 
by Tolunio. 
Per cent. 

Proof 
Spirit. 
Per cent. 

•9499 

34-67 

41-37 

72-60 

•9189 

36-06 

41-90 

73-43 

•9479 

35-55 

42-45 

74-39 

•9469 

36 06 

43-01 

75-37 

‘9459 

36-61 

43-63 

76-45 

•9449 

37-17 

44-24 

77-58 

'9439 

37-72 

44-86 

78-61 

-94-29 

38-28 

45-47 

79-68 

•9419 

38-83 

46-08 

80-76 

•9409 

39-36 

46-64 

81-74 

•9399 

39-86 

47-18 

82-69 

•9389 

40 '86 

47-72 

88-64 

•9379 

40-86 

48-26 

84-58 

•9369 

41-35 

48-80 

86-53 

•9359 

41-85 

49-34 

86-47 

•9849 

42-33 

49-86 1 

87*87 

•9889 

42-81 

60-37 

88-26 

•9329 

43-29 

60-87 

, 89-16 

•9319 

43-76 

51-88 

90-03 

•9809 

44-23 

61-87 

90-89 

•9299 

41-68 

52-34 

91 -73 

•9289 

4614 

52-82 

92-66 

•9279 

45-69 

58-29 

93-39 

•9269 

46 06 

53-77 

94-22 

•9259 

46-60 

64*24 

95-06 

•9249 

46-96 

64-71 

95-88 

•9239 

47-41 

65-18 

96-70 

•9229 

47-86 

66-65 

97-52 

•9219 

48-32 

66-11 

98-34 

•9*209 

48-77 

56-68 

99-16 

‘9199 

49-20 

57-02 

99-93 

•9198 

49*24 

67 -08 : 

1 00 -OOPS 


•9189 

49-68 

67*49 

100-76 

•9179 

60-13 

67-97 

101*69 

•9169 

50 '67 

^ 68-41 

102*36 

•0169 

. 61-00 

68-86 

103-12 

•9149 

61-42 

69-26 

103*85 

•9139 

61-83 

' 69*68 

104-58 

•9129 

52-27 

60 *U 

105-36 

• J 9119 

62-73 

60 ‘66 

106 -16 

•9109 

68-17 

61*02 

106*93 

•9099 , 

68-61 

61*46. 

107-69 

*9089 

64-06 

61-88 

108*46 

•9079 

64 •52 

62*86 

109 '28 

*9069 

56-00 

62*84 

110*12 1 

•9059 

66-46 

68-28 

110*92 

•9049 

66-91 

68*78 

111*71 

•9089 

66-38 . 

64*18 

112*49 

•9029 

66-82 

64-68 

118-26 

•9019 

67-26 

65 *06 

113*99 

i 



Table ’SL.-^conUmicd, 


Sperillo 

uravity, 

16-6'. 

Absolute 
Aloobol 
by weight. 
Tor cuiit. 

Absolute 
Aloobol 
by volume. 
Per cent. 

Proof 

Spirit. 

Per cout. 

Specific 

gravity, 

Absolute 
Alcohol 
by wcigiit. 
Per cent. 

Absolute 
Alcohol 
by volume. 
Per cent. 

Proof 

Spirit. 

Per cent. 

•9009 

67*67 

65-45 

114*69 

•8449 

81 -40 

86-64 

161-83 

•8999 

68-09 

65-85 

116-41 

•8439 

81-80 

86-96 

162-40 

•8989 

68*65 

66-29 

116-18 

•8429 

82-19 

87-27 

1 . 52-96 

•8979 

69-00 

66-74 

116*96 , 

•8119 

82-68 

87-68 

163-48 

•8969 

69-43 

67-16 

117*68 ' 

•8409 

82-96 

87-88 

154-01 

• 89 f )9 

69*87 

67-67 

118-41 : 

•8399 

83*36 

88-19 

164-64 

•8949 

60-29 

67-97 

119 - 1-2 i 

•8389 

83*73 

88-49 

156*07 

•8939 

60-71 

68-36 

119-80 

■8379 

84-12 

88-79 

156-61 

•8929 

61-13 

68-76 

120-49 ' 

•8369 

84-52 

89-11 

156-16 

•8919 

61 *64 

69-16 

121-18 

•8359 

84 92 

89-42 

150-71 

•8909 

6 r 96 

69*64 

121-86 ' 

•8349 

85*31 

89*72 

167 24 

•8899 

6 * 2 -41 

69-96 

122-61 

•8339 

85*69 

90-02 

167-76 

•8889 

02-86 

70-40 

123-36 . 

• 83-29 

86*08 

90*32 

16 s -28 

•8879 

68*30 

70-81 

1 - 24-09 ' 

•8319 

86-46 

90-81 

168-79 

•8809 

63-74 

71-22 

124-80 ; 

•8309 

86-86 

90-90 

159-31 

•8859 

64-17 

71 02 

1 - 2 . 5-61 ! 

•8299 

87*23 

91*20 

159*82 


64*61 

72-02 

126-22 : 

♦8289 

87*62 

01-49 

160-33 

• ft 839 

66 -04 

72-42 

120-92 , 

•8279 

88-00 

91-78 

160-84 

•8829 

65-46 

72-80 

127-69 ; 

•8269 

88-40 

92*08 

161-37 

•8819 

65-88 

73-19 

128-25 j 

■8259 

88-80 

92-39 

161-91 

•8809 

06*30 

73-67 

128*94 1 

■8249 

89-19 

92*08 

162-43 

• 8/99 

60-74 

73-97 

129-64 ' 

•8239 

89-68 

92*97 

16 * 2*9 J 

•8789 

07-17 

74-37 

130-33 

•8229 

89*96 

93*26 

163-43 

•8779 

67*68 

74-74 

130-98 

•8219 

90-32 

93-62 

163-88 

•8769 

68 *< i 0 

75-12 

131-64 

•8209 

90*68 

93*77 

164-83 

■8709 

68-42 

76-49 

13 - 2 '30 

•8199 

91-04 

94*03 

164*78 

•^749 

68-83 

75-87 

132-95 

•8189 

91 -.^9 

94-28 

165-23 

•8739 

69-26 

76-24 

133-60 

•8179 

91*76 

3 &» 4-68 

166-67 

■8729 

69 - 67 * 

76-61 

134-25 

•8169 

92-11 

04-79 

166*12 

•8719 

70*08 

76-98 

134-90 

•8169 

92-48 

96-06 

166*68 

•8709 

70-48 

77*32 

135-51 

•8149 

92-85 

95-32 

167-04 

•8099 

70*88 

77-67 

136-18 

‘ -8139 

93-22 

95*68 

167-60 

•8689 

71 '29 

78-04 

136-76 

•8129 

93-69 

95-84 

167-96 

•8679 

71-71 

78-40 

137*40 

•8119 

93*96 

96*11 

168-24 

•8669 

7 - 2 -18 

78-77 

133-06 

•8109 

94-31 

96-34 

168-84 

‘8659 

72 - f )7 

79-16 

138-72 

•8099 

94 -66 

96*57 

169-24 

•8649 

73-00 

79*64 

139-39 

•8089 

96-00 

96-80 

169-65 

•8639 

73-42 

79-90 

140-02 

•8079 

06 36 

97-05 

170-07 

•8629 

73-88 

80-26 

140-05 

•8069 

95-71 

97*29 

170-60 

•8619 

74-27 

80*64 

141-33 

•8069 

98-07 

97*63 

170-09 

•8609 

74-78 

81-04 

14 - 2-03 

•8049 

96-40 

97-76 

171-30 

•8599 

75-18 

81-44 

142-73 

•8039 

96-73 

97*96 

171*68 

‘8589 

76-64 

81-84 

143-42 

•^029 

97-07 

98-18 

172-06 

•8579 

76-08 

82-23 

144-10 

■'019 

97*40 

98-39 

172-43 

‘8569 

76-60 

82-68 

144-72 

•8009 

97-78 

98*61 

172-80 

•8569 

76*92 

82-93 

145-34 i 

•7999 

98-06 

98-82 

173*17 

•8549 

77-88 

83-28 

145*96 1 

•7989 

98-37 

99-00 

173-50 

•8539 

77 '75 

83-64 

146-57 

•7979 

98-69 

99 -J 8 

173*84 

‘8629 

78*16 

83-98 

147-17 

-7969 

99-00 

99-37 

174*17 

•8519 

78-56 

84-31 

147-76 

•7959 

99-32 

99*57 

174-62 

•8509 

78-96 

84-84 

148-32 

•7919 

99-65 

09-77 

174-87 

•8499 

79-36 

84-97 

148-90 

•7039 

99*97 

99-98 

176-22 

•8489 

79-76 

86-29 

149 44 





•8479 

80-17 

86-68 

150-06 


Aliiiolute Alcohol. 


•8469 

80*58 

86*97 

150*67 





•8459 

81-00 

86-32 

161-27 

i 

•7938 

100-00 

j 100-00 

176-26 
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a dehydrating agent. Absolute alcohol does not dissolve common stilt, nor 
does it give a blue colour when digested with anh 3 ^drous sulphate of 
copper, if perfectly water-free. Filter paper saturated in the following 
solution — viz., two parts of citric and one of molyl)dic acids heated to 
incipient fusion, then dissolved in 30 to 40 i)ints of water and dried at 
lOO** C., is not bleached when soaked in absolute alcobol ; but should 
water be present, the blue of the paper is entirely discharged. Pure 
absf>lute alcohol burns with a white flame, but if water is present the 
flame is blue. 

Thei*e is no cloudy appearance wheii mixed with water, showing the 
absence of oily matters, it should bo also perfectly neutral to test paper, 
and leave no residue on evaporation. It must be remembered that, in a 
cciinmercial sense, ‘absolute alcohor is any stronger spirit than can be 
obtained by ordinary distillation; and, since this is the case, it would be 
most unwise for any action to be taken under the “ Sale of Food and Drugs 
Act,” unless a distinctly fraudulent statement has been made. “ Absolute 
alcohol,” as bought over the counters of the chemist, is seldom above from 
93 to 95 per cciiit. of real alcohol. 

§ 267. IMiJiefl tipirity as defined by our own pharmacopoeia, should 
be of specific gravity 0*838 ; by that of the Netherlands 0*830 to 0*834 ; oj 
(Jerrnauy, Switzerland, and Norway, 0*8336; of Austria, 0*838; of France, 
0*835 to 0*841. It should be neutral, colourless, volatilising without 
residue, and free from other alcohols. 

Proof Spirity — a term in constant use for purposes of excise, — is a 
diluted spirit, which was defined by Act of Parliament (58 George III.) to 
bo “such as shall, at the temperature of lO^’O G. [51“ Fahr.] weigh exactly 
twelve-thirteenth parts of an equal measure of distilled water.” According 
to Driukwater it consists of — 

Alcohol by weight 49 *24 

Water by weiglit, 50*76 

100*00 

^nd itsi specific gravity at 15“*5 C. is 0*91984. 

In the analysis of all spirits (seeing that the terms ‘ proof ’ and ‘ under 
proof* are used and known in the trade), the statements of results should 
always include the perceutage of proof spirit. 

Spirits weaker than proof are described as TJ.P., under proof; stronger 
than proof as O.P., over proof ; thus a spirit of 50 U.P. means 60 water 
and 60 proof spirit, 60 U.P., 60 water and 40 proof spirit, On the other 
hand, 50 O.P. means that the alcohol is of such a strength, that, to every 
100 of the spirit, 50 of .water would have to be added to reduce it to proof 
strength. In all the above the strengths are only good for the normal 
temperature of 15“*6. 

§ 268. Tests for Ethyl Alcohol, — The principal tests for alcohol are the 
following : — 

(1.) Production of Acetic Ether, — ^To a distillate or aqueous solution 
supposed to contain alcohol, some acetate of soda is added and sulphuric 
acid in amount more than sufficient to decompose the acetate. The flask 
containing the mixture is connected with a Liebig*s condenser, placed 
vertically, and boiled for a few minutes ; any volatile vapour is condensed, 
and falls back again into the flask. On removing the cork, if acetic ether 
has been produced, it can readily be detected by its odour. 

(2.) Reduction of Clvromic Add or Bichromate nf Potash to Oxide of 



Gltromium.—A crystal of chromic acid, placed in a test-tube, with a fluid 
containing alcohol wanned to a boiling temperature, is decomposed into the 
green oxide of chromium. Instead of chromic acid, a test-solution of one 
part of bichromate of potash dissolved in 300 parts of sulphuric acid may 
be used, A portion pf the liquid to be tried is mixed with twice its volume 
of concentrated sulphuric acid. On pouring a small quantity of this 
mixture into a quantity of the tcst solution, a deep green is produced where 
one fluid touches the other. This is a very good test in the absence of 
other reducing agents, such as formic acid, ether, etc. 

(3.) Dr. kdrmnd Damfs Test — Dr. Davy has proposed a test for 
alcohol founded on a colour reaction, and produced also by methyl, propyl, 
butyl, and amyl alcohols, ether and aldehyde. A solution of one part of 
molybdic acid in ten of strong sulphuric acid, is warmed in a pmcelain 
capsule, and the liquid to bo tested allowed to fall gently on it. If alcohol 
is present, a blue coloration appears either immediately, or in a few 
moments ; the liquid gradually absorbs moisture from the air, and the colour ■ 
disappears, but it may be reproduced by evaporation.^ 

(4.) The production first of Acetio Acid^ then of Kdkodyl. — A very 
delicate test for alcohol, and one specially suited for its detection in the 
.^Jjlood, etc., is recommended by Bucheirn. 

'"vTlie finely-divided substances are put in a tubulated retort, and, if acid, 
carefully neutralised. In the neck of the retort is placed a little porcelain 
' or platinum boat, containing platinum black, and at each end there is a* 
moistened piece of strongly-blued litmus-paper. On warming the retort, if 
alcohol be. present, it is oxidised by the platinum black to aldehyde and 
acetic acid ; hence, the hinder piece of litmus-paper will be reddened, the 
front one unchanged. If only a drop of acetic acid be present, it is possible 
to detect it in the following way: — The platinum black is washed, the 
washing water neutralised with potash, and dried after Jhe addition of a 
few grains of arsenious acid. On wanning the dry residue in a small glass 
tube, if even a very small admixture of acetic acid be present, the smell of 
kakodyl will be perceptible. 

(5.) The AcM(m of Alcohol on Benzoyl Chloride. — This test, proposed 
by Berthelot, is based on the fact that very small quantities of alcohol 
decompose benzoyl chloride with the formation of ethyl benzoate. The 
sample is shaken up in the cold with a few drops of benzoyl chloride ; any 
ethyl benzoate formed sinks to the bottom with the excess of benzoyl 
chloride. This heavy layer is removed by a pipette, and heated with a 
little caustic soda or potash, which dissolves at once the benzoyl chloride, 
but not the ethyl benzoate, and the latter may be recognised by this 
insolubility, by its general properties, and by its boiling point. It is 
nearly insoluble in water, bums with a smoky flame, has a characteristic 
pleasant odour, and boils at 213* C. 

Mr J. Hardy has proposed a very simple test for the detection of 
alcohol, which may be performed as follows: — Two common ‘ Nesslerising * 
glass cylinders are taken, and a little guaiacum resin, which has been 
removed from the interior of a freshly broken lump, is shaken up with the 
sample to be tested. The liquid is filtered, and a few drops of hydro- 
cyanic acid as also a drop of very weak solution of sulphate of copper 

^ Proceedings of the Royal IHsti Academy [2], ii., fl79-582 ; Joum. Ghem. Soe.^ vii,, 
1877, p. 108. Gladstone and Tnbe [Jov/rn. Ohem. Soc.^ No. ccxlix.)have shown that 
the tost is unreliable, for the same reaction takes place with ammonium sulphide, sodium 
sulphite, formic acid, sugar, hnd, in fact, with most reducing agents. 



dded. Exactly the same process is adopted with an equal bulk of dis- 
tilled water. On now placing the two liquids in the glass cylinders side 
by side, over a porcelain plate, the liquid to be tested, if it contains 
dcohol, will be found of a blue colour decidedly darker than that of the 
distilled water, 

§ 269. Separatim of Alcohol from Animal Matters . — In order to 
obtain alcohol from organic matters {e.g., the contents of the stomach, 
or the tissues), the following process will be found convenient: — Solid 
matters, such as the tissues, are cut up as finely as possible, and placed 
with water in a retort attached to a suitable condenser. Most liquids 
require no previous preparation, and are merely poured into the retort or 
flask, as before described ; but it is desirable in the treatment of urine to 
!idd a little tannic acid. About one-third to one-half of the liquid is 
distilled over into a flask closed by a mercury valve. The product is 
now exactly neutralised with deciuormal alkali to fix any volatile acid, 
and again slowly distilled, about one-third being drawn over. The 
liquid is next neutralised with sulphuric acid, to fix volatile alkalies, 
ind redistilled. This final distillate contains all the alcohol, but neither 
volatile acids nor alkalies. The liquid thus obtained may even now 
be too dilute to respond conveniently to tests, and it may therefore 
be digested for some hours with a little caustic lime, and then v$ry 
slowly distilled. The distillate should finally be carefully measured' or 
weighed, and divided into two parts, one of which serves for the applica- 
tion of the usual tests, the other (if alcohol be found) can be oxidised 
n the manner described at p. 389 and estimated volumetrically as acetic 
wid. » 

J. Eechamp {Compt. Rend,^ Ixxxix., 573, 574) has succeeded in 
)btaining a sufficient quantity of alcohol from the fresh brain of an 
3X to estimate it by the specific gravity, and has also separated it 
from putrefying animal matter. In fact, it is capable of proof, that 
ill putrefaction is accompanied by the production of minute quantities 
)f alcohol, and that the living cells of the body also produce it. 
Eleuce, in questions of poisoning, it is not enough to obtain qualita- 
;ive reactions for alcohol, but the quantity also must be accurately 
jstimated.^ 


Identification op AiiCOHOLS. 

§ 269rt. If on attempt is made to separate and identify the various 
ilcohols in spirits, the least quantity likely to be successful is that which 
will yield at least 600 c.c, of absolute alcohol. 

This means about a litre of ordinary spirits; for instance, ordinary 
good whisky will yield per litre just under 1 o,c. of propyl, and the same 
3f butyl and amyl alcohols. 

To obtain the total alcohol in an anhydrous state the neutralised spirit 
ihould be distilled. The distillate is shaken with freshly burned lime and 
redistilled to dryness ; this distillate should be digested over recently fused 
jutassic carbonate,, again distilled, the distillate digested oyer night on 

^ Rajewsky has fouud that the bndn of a rabbit, which had been starved for two days 
)efore death, me a marked reaction for alcohol with tJie iodoform test (g 2C9d), and 
he same result was obtained from the muscles and tissues of rabbits. He ther^oro oon- 
liders that alcohol always exists in the animal organism, or that it is produced during 
U8tillation.--.^i;^er*s ArdhinfHnr xl, 122, 127. 



shavings of metallic calcium, ana finally distilloa. The result will be an 
alcohol or mixture of alcohols almost anhydrous. 

The product is next fractionated into two fractions ; the one, which 
will form the greater bulk, coming over under 80° ; the other, oontuiiiiiig 
the higher alcohols, and probably not measuring more than a couple of 
c.c. from 500 c.c. of absolute alcohols, coming over above 80°. 

Some of the higher alcohols, especially amyl alcohol, are more con- 
veniently separated by shaking out with carbon tetrachloride, as in the 
Allcn-Marquardt process (p. 396). 

§ 2696. Identification hy the Boiling Point. — *The boiling point may bo 
taken in the usual way, but if any of the higher alcohols arc separated, 
the latter will probably be in very small quantity ; the following method 
will deal with J c.c. : — The boiling tube should be about 7 c.c. long and 
have a diameter of 3 mm. ; it must be provided with the following little 
bit of apparatus: — A narrow piece of capillary tube, supported at each 
end, is heated in a flame at quite a short distance from a scaled end until the 
walls soften and fall together; the effect is to produce a small bell-shaped 
chamber. The boiling tube is attached to a thermometer in the same way 
as in determining a melting point determination, charged with a few drops 

the liquid to be examined ; the little capillary with its bell inserted ; 
then^rnmersod in a liquid which boils at a fairly high temperature, such 
as su^'Aniric acid, and this liquid carefully heated. Single air bubbles 
at first rise from the capillary chamber, and afterwards there is an un- 
interrupted flow. The flame is now removed and the liquid allowed 
to cool slowly until it is about to recede into the cliambcr; the 
moment of recession occurs at the boiling point, temperature of 
which must be uoted. The heat is again applied, and a second reading 
taken. If the second reading is identical with the first the substance is 
probably pure ; if not, and half the liquid has been allowed, to boil away, 
it may be accepted as the boiling point of the chief constituent of the 
mixture. 

The boiling point of some of the substances which may bo found in 
spirits are as follows: — Acetone, 56*6°; methyl alcohol, 66‘0°; ethyl 
alcohol, 78’4* ; iso-propyl alcohol, 82*8° ; tert. butyl alcohol, 82 '9° ; propyl 
alcohol, 97’4°; sec. butyl alcohol, 99'8°; isobutyl alcohol, 106-5°; N-butyl 
alcohol, 117*; active amyl alcohol, 128'7*; iso-amyl alcohol, 130°; N-amyl 
alcohol, 137‘8°; furfural, 162°. 

§ 269c. Identification hy the Specific Gravity. — The spocifio gravity of 
liquids in quantities of from 10 c.c. upw^ards may be taken in the usual 
sp. gr. flasks, but smaller quantities require special apparatus. The 
specihe gravity of less than 1 c.c. of a liquid may be taken correctly to 
the third decimal place by means of a pihuometer, formed from a thick- 
walled tube with capillaiy bore bent into a U shape, and the ends of tho 
U again bent almost at right angles, in such a way that one limb is 
slightly huger than the other; the shorter limb is drawn out into a 
capillary point, and a mark made on the longer limb just below an 
imaginary horizontal line joining the mark and the capillary point. The 
U tube is standardised by* water in the usual way. 

A second method is to take the gravity in a I c.c. pipette provided 
with a recipient tube. .The pipette is standardised by weighing the 
pipette with its attached recipient tube, then drawing up water to the 
mark at the desired temperature, and again weighing. 

Durins: the weighing, the water, of course, runs into the recipient tube. 
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Should the temperature required be the weight of water for a 1 c.c. 
pipette should be 0*991, and the best way to standardise the pipette is to 
gum a strip of mm. paper to the stem and make two weighings with water 
10 mm. apart, thus taking on the one hand a little above the true 
quantity, and on the other a little below. To ascertain the true mark, on 
the assumption that the stem of the pipette is cylindrical, the following is 
an example of the calculation. Supposing the one weight is 1*0222, the 
other 0*9930, and the weight required 999 ; 


1*0222-0*9991 

1*0222-0*9930 


X 10 = 7*9 mm. 


The stem is therefore marked 7*9 mm. below the upper mark. Then 
the weight of any liquid having the same volume at 15“ will he the 
number expressing its specific gravity at 2074"* 

§ 269^/ Production of Iodoform. — The mixture of anhydrous alcohols is 
diluted so as to make a 10 per cent, solution in water. 

A c.c. of this solution is put into a test tube, 0*2 c.c. of a 10 per cent, 
solution of sodium hydroxide added, and theu a concentrated solution of 
iodine in such proportion that there is a faint tinge of yellow persisting Ojj 
standing. The mixture is allowed to stand two minutes and then observed. 
In the cold, isopropyl and acetone give good precipitates at once of 
iodoform ; secondary butyl alcohol, more slowly ; but methyl, ethyl, propyl, 
isobutyl, tertiary butyl, isoamyl and allyl alcohols give no prccipitatea 
under the above conditions. On heating the mixture to 60" and maintaining 
it at this temperature for one minute, ethyl alcohol gives a good precipi- 
tate, allyl a scanty one, the other compounds none within the time 
limit.^ 

§ 269e. Conversion into di-nitrohenzoates. — Certain of the alcohols may 
be identified by conversion into di-iiitrobonzoates. 


Propyl di-iiitrobenzoate melts at about . 

. 73*0“ 

Iso-butyl 

r> M 

83“ 

Etliyl 

»» II • 

. 92-93“ 

Methyl 

II II 

. 107*5" 

N-butyl 

II If 

64" 


The method of forming the compound is as follows — 0*015 grm. of 
3-5 di-nitrobenzoio acid and 0*20 grm. phosphoric pentachloride are 
heated togethjj^ over a small fiame in a test tube ; when signs of chemical 
action are fteen the tube is removed from the source of heat for a few 
seconds. Then it is heated again and boiled very gently for a minute, the 
result of the reaction being poured into a watch-glass. When cold, the 
excess of pentachlorido is removed by rubbing between tw*o bits of porous 
tile. 

The powder thus prepared is placed in a dry test tube, and four drops 
of ethyl or methyl alcohol added ; or, if the mixture is believed to be that 
of higher alcohols, six drops ; the alcohol must be in slight excess. The 
tube with its contents is stoppered, and heated to from 75"-85" for ten 

^ The Tdemtifieatwu of Pure Orgmic Compounds. S. P. Mulliken, New York, 1904. 

^ Op, ciL 



minutes. The resulting ester is dissolved out by a solvent, such as methyl 
or ethyl alcohol, ethyl alcohol being used for all save ethyl di*nitrobcnzoate, 
for which it is necessary to use methyl alcohol. The amount of the 
solvent added should not be large, 10-15 c.c. The liquid is boiled and 
filtered, the filtrate being cooled down nearly to freezing point, and washed 
with a very little of the ice-cold solvent. It may be rccrystallised by 
re-solution and freezing out. 

§ 269/. Isopropyl alcohol may be identified by oxidising it to acetone, 
and condensing the acetone formed to di-benzelidino acetone. About 
'i c.c. of the alcohol is put into a small distilling flask, and '3 c.c. 
of an oxidising solution added, composed of 1 grm, chromic anhydride, 
6 c.c. of water and 0*8 o.c. of concentrated sulphuric acid; cork 
immediately, and cool the bulb. Conduct the vapours into a tost tube 
containing *4 c.c. of water, *4 c.c. of benzaldehyde, and 2 c.c. of absolute 
alcohol. The contents of tho flask are boiled until nearly dry. To the 
distillate add 0 5 c.c. of 10 per cent, soda solution, and boil very gently 
for one minute. Cool, and shake vigorously, adding from one to four 
dro{)S of water, if necessary, to start the crystallisation. Filter and 
^wash with *5 c.c. of cold alcohol. Press on a porous tile and dry for 
"'iPfteen minutes at a temperature not exceeding 100“ {Mullilmi). The 
crvstels should be in the form of pale yellow lustrous plates melting at 
. 111*0“ to 112*0“. 

g 269f/. Oxidaiion Products, — A method worked out in the author’s 
laboratory that may be of use in helping to identify some of the common 
alcohols , present in liquids is one that depends upon the reactions of 
zirconium tetrachloride and mercuric chloride with the acid oxidation 
products of the alcohols. 

With cold dilute solutions of either formic or acetic acid, ZrCl^ solution 
gives no visible sigl of reaction ; though, on boiling, the acetic acid solution 
often shows signs of frothiness. 

A moderately weak propionic acid solution, on the other hand, gives on 
slight shaking an immediate but non-permanent froth ; on boiling, a very 
slight milkiness is at once shown, and the froth is now pcrniunent (that is 
to say, will usually last several minutes). 

The ZrCl^ solution with butyric acid (5 to 10 per cent.) will give an 
immedifite permanent froth, and on boiling, a bulky precipitate. 

Valerianic acid and ZrGl^ solutions behave much the same, there 
being a well-marked froth in the cold, and an immediate precipitate on 
boiling. 

If, now, a butyric acid solution be boiled with some HgClg no apparent 
change takes place, but valerianic acid, on the other hand, treated in the 
same way, immediately becomes a dirty yellow in colour, and on standing 
a yellow precipitate is found. 

§ 269/j., Identification hy Means of ihs Silver Salts of the Volatile Acids. 
— By a combination of fractional distillation a’ld an oxidation with chromic 
acid mixture of the successive fractions it is possible also to identify 
alcohols by a determination of the silver in the silver salts which may be 
formed from the volatile fatty acids. 

The way to do this is to prepare an oxidjsing mixture by dissolving 
1 0 grms. of chromic acid in a mixture of 60 o.o. of water and 8 c.c. of 
sulphuric acid. Mnlliken suggests that the amount of mixture required 
for oxidation may be estimated % assuming that each c.c. contains *05 grm, 
of * available oxygen/ and that the reaction proceeds according to tho 
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Per cent. Ag. 
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4‘67 

1 1 04 

2-62 
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0-84 
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65 '88 

0-48 
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0-96 
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0-64 at 70" 
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1-18 
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,, iao- valerianate, 




' 

1* 

0-26 

0-49 

II caproate, .... 

48-43 

on 

0-84 


w^s^emm 


Estimation op Alcohoi, and Analtws op Ltumiw 
CONTAINING AJaCOHOL. 



the vapour is an exact measure of the strength of the aicohol. The bulb ^ 
of a thermometer is put (on the small scale) into a flusk with a bilateral 
tube, and the temperature of the vapour carefully noted. The following 
table (XLI.) may be used ; — 


TABLE XLI.— Showing the Content of Ethyl Alcohol by Volume of 
Boiling Spiiiits and of theik Vapour, fbom the Tlmpkuature of ihe 
Lai'tkr, as Obseiiyed by a Tiieumometer. By Ghoning. 


Temperature 
of the 
Vapour 
(F.). 

Ethyl 
Atcoliol in 
the Distillate. 
Per cent. 

Ethyl 
Alcoliol fn 
the BoilinR 
Liquid. 

Per cent. 

Temperature 
of the 
VaiKuir 

(F.). 

Ethyl 
Alcohol ill 
the biHlillato. 
Per cent. 

Ethyl 
Alcohol in 
the Hollins 
Liquid. 

Per cent. 

170*0 

93 

92 

189*8 

71 

20 

171*8 

92 

90 

192*0 

68 

18 

17*2*0 

91 

8.6 

194*0 

66 

15 

172*8 

904 

80 

196*4 

61 

12 

174*0 

90 

75 

198*6 

65 

10 

174*0 

89 

70 

201*0 

60 

7 

176*0 

87 

65 

203*0 

42 

5 

178*3 

86 

50 

206 *4 

36 

3 

' 180*8 

82 

40 

207*7 

28 

2 

183*0 

80 

35 

210*0 

13 

1 

186*0 

78 

30 

212*0 

0 

0 

187*4 

76 

25 





The boiling-point is also a useful guide ; for within certain limits the 
boiling-point of liquids containing alcohol is not materially altered by 
admixture with saline and organic matter. A thermometerj^^ith a movable 
scale is employed. Before using it, the thermometer is immersed in boiling 
distilled water, and the 100“ [212“ Fahr,] of the scale accurately adjusted 
to the level of the mercury ; it is then ready for an operation of several 
hours, or even an entire day, if no considerable variations of atmospheric 

F ressure are experienced. The minimum boiling-point 78"T74 C. 
17 2* -7 F.] of an aqueous ethyl alcohol corresponds to 96 per cent, by 
weight of alcohol, absolute alcohol being 78“*3 C. [172“'9 F.]. 


TABLE XLII.—Exhtbitino the Boiling-Points of Alcohol an« 
Wateb of the Given Stbencths. By Gronino. 


Boilh^-point 

Alcohol 
per cent, 
per Volume. 

Boilm|p:-point 

Alcohol 
per cent, 
per Volume. 

206*84 

6 

179*96 

65 

199*22 


179*42 

60 

195*80 

16 

178*70 

66 

192*38 


177*62 

70 

189*60 • 

25 

176*64 

76 

187 T6 


175*46 

80 


35 

174*92 

86 

183*88 

40 


96 

182*12 

46 

173*14 

95 

181^8 

60 

172*90 

{ 

100 





' 386 Fdoua ; theik UOMPOSITION AND ANALYSIS. [§ 271. 

Tho methods used in the Municipal Laboratory, Paris, for the analysis 
of alcohols were until recently considered the most practical and the 
easiest to apply to the small quantities of alcohols submitted to an analyst 
under the Sale of Food and Drugs Act, but English analysts have thrown 
doubt on the accuracy of the colorimetric estimations. 

The estimations of the higher alcohols, of aldehydes, of fiirfiirol, and 
so forth, are to a great extent determined by colour reactions, tho alcohol 
to be tested being always brought to the definite strength of 60“ ; 
by this device variations in colour, owing to varying strengths of alcohol 
are avoided. * 

The French chemists estimate the following:— (1.) Alcohol: (2) 
uoidity expressing it as acetic acid; (3.) aldehydes; (4.) ethers, returning 
the ethers as ethyl acetate ; (6.) higher alcohols, returning them as 
isobutyho alcohol ; and (6.) bases. 

J he scope and character of such an analysis may be gathered from tho 
following example of the analysis of a sample of brandy 


BltANDY MADK FJIOM WlNE, 


Kip. 10 u., . 

Alcohol, percent, (voimn ). . 
Extract, per litre, . 

Sugars ! i^accharoso, per litre, 

^ { Inverted sugar, per Htr 

Colour 


. . 0-9414 

. . 48-2 

. . 12*64 gnus. 

• 8-2 „ 

• • 3-7 „ 

Tannin and cavaniel. 



GrammeB. 

l*er Litre j Per cent, of 
, of AbBolute 

Brandy. Alcohol, 

Proportion 
of each 
Impurity, 
per cent, of 
Total 
Impurity. 

Acidity, as acetic acid, 

Aldehydes, as acetic aldehyde, . 

Furfurol, 

^ Ethers, expressed as ethyl acetate, 
Higher alcohols, exiuessed as iso- 1 
butylic alcohol, . . . , j 

Bases -f amides, 

\ Alkaloids, i)yridinc bases, etc., 

0-3360 

0-0620 

0-0027 

0-2024 

0*3990 

0*0850 

0-0066 

0-0697 

0-0180 

0-0005 

0-0419 

0-0828 

0-0072 

o-oon 

32-23 

6-01 

0-26 

19-38 

38-29 

8-83 

0-60 

Coefficient of impurities, per cent, of ) 
absolute alcohol, . , , 1 


0-2162 

100-00 


§ 271. In the examination of alcoholic liquors, one of the analyst’s 
firet ste^ 18 to determine the percentage of alcohol, and the methods hv 
which this IB done we cqnaJl^ applicable (with slight modifications) to all 
liquids containing alcohol. The perooutage is asoertained*-~ 

^0 I aud taking the specific gravity of the distillate. 

V ® applied especially to wines and beers. 

(3.) By Geisslers vaporimeter. 

(4.) By determination of the refractive index. 

(6.) By oxidation into acetic acid, and by several other methods, which 
are, however ivuiaIi ?»i hoa 4.v.« ” 



ALODHOL. ' 


§271.J 




(1.) DisUllatim , — A convenient quantity {e.g., 100 c.c. of beer or 
wine, 50 c.c. of spirits, measured at C.) is placed in a flask (a, fig. 62), 
having an angle tube connected by means of a cork to a Liebig’s condenser. 
The distillate is received in a flask (b) provided with a doubly perforated 
cork, into which the bent tube of the condenser, as well as a tube 
provided with a mercury valve, to prevent loss, is adjusted; the latter 
may be readily made by putting a very small quantity of mercury into 
the bend of an ordinary thistle-head funnel (r). This precaution is only 
necessary when very small quantities are operated upon. Experiments 
with 50 c.c. of spirit distilled into a flask unprovided with a valve, have 
shown that there is no appreciable loss; but distillation into an oj>en 
vessel will always give results far too low. Leer and wine yield the whole 
of their alcohol when half is drawn over; spirits should be distilled lU'arly 
to dry Ji ess. In any case, the di.stillate should be made up to exactly the 
same bulk as the original liquid at the siime tcmj)orature, its specific 
gravity taken in a proper specific gravity bottle, and the percentage of 



alcohol obtained by reference to the tables given at p. 3H0 et seg. Spirits 
are best returned as containing so proof by volume ; wines and 
beers, so much alcohol per cent., by weight and by volume. 

(2.) Taharie's wethodf when ]>ropeiiy performed, is sufiiciently accurate 
for all practical purposes in the case of beers, wines, and similar liquids. 
The specific gravity is first accurately taken at 15"*5 ; a measured quantity 
—say 100 c.c. — is then boiled long enough to evaporate away the whole of 
the alcohol, made up to the original bulk at the same temperature, and its 
specific gravity again determined. From these data the specific gravity of 
the liquid, which, if it had been condensed, would have collected in the 
flask before-mentioned, is determined. Thus, specific gravity of the liquid 
before boiling, divided by the specific gravity o." the de-alcoholised liquid « 
specific gravity of the dilute alcohol which has been boiled away. An 
actual example will suffice : — A beer, before boiling, had a specific gravity 
of 1*014; after boiling, and on making it up to the original bulk, its 
specific gravity was 1*0172; now t%V 5-‘9968, and on reference to the 
table at p. 380, *9968 is found to correspond to 1*7 per cent, of alcohol. 

(3.) Geml^s Vaporimeter is capable of giving sufficiently accurate 
results for technical puiipeses, and as it has the advantage of great expedi* 



bion, it may always be used to supplement and check other methods which 
bake more time. It depends on the measurement of the tension or elastic 
Force of tlie vapour of the liquid, as indicated by the height to which it 
raises a column of mercury. Tlio apptiratus (see fig. 63) consists of four 
l)art8— viz., (1.) A brass vessel A, containing watery 
(2.) a d<mbly bent tube, BB, fastened to a scale ; 
(3.) a cylindrical vessel C, winch is filled with 
mercury and the fluid to be tested; (4.) a brass 
vessel I), in the up])er part of which there is a 
thermometer. By removing the bent tube and its 
connections from A, it may be turned upside down, 
and C dotaclied ; the alooholi(5 fluid is then poured 
in so as to fill the spice between c and r7, which, 
when the instrument is inverted, is empty. It is 
now connected with the bent tube, and adjusted 
exactly as in the figure, the water mad^tJbiJIgboii in A, 
wlien the mercury runs up to a ccr^Kheight in 
tlie tube, and the percentage is dire^^ead from 
the^scale. Should the tbermometef not register 
100 '", certain corrections must be iniM^ which is 
most conveniently done by a table, with the 
instrument. Care must always be tak6n to exclude 
air from the bulb. The senior author lias found 
it always necessary to test various points of the 
scale with known mixtures of alcohol and water, 
and to draw up a table of oorrectionk With 
this precaution, it will bo found a most useful 
instrument. 

(4.) Estdnmtimi of Alcohol hy Valmiion oftheRefractiva hidpx. — This is 
an excellent iiiid rapid method of valuation of etliyl alcohol, and can be 
appljjpd to a distillate or to spirit or to wine. 

The method of applying the refraction method to spirit or wine is based 
on the following principles : — 

* The refractive index of a liquid containing water, alcohol, and extract 
is derived from the indices of refraction of the water, alcohol, and extract. 
Let these be denoted respectively by a, b, c. Taking N as the index of 
refraction of the mixture, then obviously N=?a+& + c, 

If the liquid is freed from alcohol by distillation or evaporation, then 
the refractive index N - (a + c) = 6, the index of refraction of the alcohol. 

If, again, the index of refraction of distilled water be subtracted from the 
index found bv experiment of the alcohoLfree dilute extract and the amount 
of increase of refraction has been ascertained that I grm. per cent, of 
extract produces, the extract can also be estimated. In other words, by two 
observations on, hrst, the index of rehraction of an alcoholic liquid, and, 
secondly, a determination of the same liquid freed from water, it is practical 
and easy to determine alcohol, winter, extract.. 

lliegler^ by a number of experiments has proved that with regard 
to wine 1 grm. of extract in 100 c.c. of wine increases the refractive index 
by 0*00145. 

Similarly 1 grm. of alcohol per 100 c.o. of wine increases the index 
above that of the extract solution by 0*00068. 



* Bostimmung des Alcohols u. Extractes im Weine auf optischen Wege ” bv 
Prot l>r. X Riogler, Zkudirift f malyUschA Chmie^ 18»6, 2^, 



For example — 


The refraction index of a wine was found to be 1*34105 
„ alcohol-free extract, . 1*33550 


Difference = *00505 

•00656 

then *00008 ~ 8*1617 alcohol per cent. 

Similarly, 

the index of refraction of the alcohol-free extract was 1*33550 
Subtract index for distilled water, . 1*33203 


•00287 


Difference = •00287 


then *00145 = 1*9793 grms. extract per cent. 


amount of extract and alcohol in wines determined by the ordinal 
•rocess^ do not differ materially from those determined by the optici 
aethods.\ 

The defaails of the operation itself are simple. 25 c.c. of an alcoholic 
quid are 'placed in a Pulf rich's refractometer or in a hollow prism 
nd observed through a spectrometer, the temperature taken and the 
ridex calculated in the usual way ; next, the alcohol is evaporated away 
ly reducing the liquid to a third of its volume and again made up 
0 exactly the same bulk and brought to the same temperature as the 
riginal liquid and the index of refraction again determinea in the above 
alculation. 

Joseph Race {Joum, Soc. Chem, Industy xxvii.) has studied the method 
f Riegler as applied to ordinary spirits and has obtained good results. He 
akes the refractive index of water at 15**5 as 1*3335, which is correct for 
cost of the refractometers in the market, the scale being adjusted so as to 
^ve that refraction. If, however, a spectrometer is us^ the true refrac- 
ion for water will be nearer 1*3322, for Gladstone and Dale give as a 
esult of their very exact experiments the following refractions of water : 
r, 1-333; 10**0, 1-3327; 20% 1*332; 30% 1*3309; between 10* and 30“ 
here is an average difference of *00009 for each Centigrade degree. The 
able gives the results of Mr. Race’s determinations of mixtures of alcohol 
.nd water at 15“*& with an immersion xi^ractometer. 

If a equals the refractive index due to alcohol and water ; x = the 
efractive index of spirit) 2 = refractive index of water; y = refra& 
ive index of extract; then -e). The percentage of alcohol 

B then found by taking the proportionate mcdn between two suitable 
igures in the table. Since the increase in refraction due to the extract 
n the case of spirits is seldom more than *O0U» the alcoholic strength 
»f a spirit can be obtained approximately by submitti^ the sample 
iirect, the only precaution necessary being to maintain the pro^r 
;emperature. 

, (6.) Oxidation imb Add Is a method of determining vinio 

klcohol specially #Ppll<^hl6 to j^l quantities, but little used;. 



Table oe JIbfii active Indickh fob Alcohol and 
Water. (Josoph Race, ) 


Alcohol - 
por cent, 
by Weight. 

Refractive 

ludex. 

Alcohol 
per cftit. 
by Weight. 

Refractive 

Index. 

1 

1*33398 

51 

1-36334 

2 

•34452 

52 

•36368 

3 

•33512 

53 

•36380 

4 

•33577 

54 

•86401 

5 

•33645 

65 

•36421 

6 

*33714 

56 

•36440 

7 

•H8785 

57 

•36458 

8 

•33856 

58 

•36475 

9 

•33928 

59 

•86491 

10 

•34001 

60 

-36506 

11 

•34074 

61 

•36520 

12 

•34146 

62 

•36534 

13 

•34219 

63 

•86548 

14 

•34-293 

64 

•36561 

15 

•34368 

65 

•36578 

16 

•34443 

66 

•36585 

17 

-34517 

67 

•36597 

18 

•34591 

68 

•86608 

19 

•34664 

69 

•36618 

20 

•34737 

70 

•366-29 

21 

•34811 

71 

•36689 

22 

•34890 

72 

•36649 L 

23 

•34964 

78 

•36659 

24 

•35038 

74 

•36667 i 

25 

•35112 

76 

•36675 t 

26 

•35185 

76 

•36681 k 

27 

•35258 

77 

•36686 

28 

•35330 

78 

•36685 . 

29 

•36401 

7d 

•36681 ? 

30 

-•35471 ] 

80 

'3667^ 

31 

•35538 ' 

81 

•36668 

32 

•35601 

82 

•36660 ] 

33 

•85659 

83 

•8C652 A 

34 

•86711 

84 

•36643 . 

35 

•36767 

85 

•36034 

36 

•85801 

86 

*30625 

37 

•86848 

87 

•86616 

38 

•35885 

68 

•36607 

39 

•85923 

89 

•86598 

40 . 

•35960 

90 

•86589 

41 

•85996 

. 91 

•36579 

42 

•36082 

92 

•36567 

43 

•86067 

1 93 

•36554 

44 

•36012 

94 

•86539 

45 

•36136 

95 

•86524 

46 

•86180 

96 

'36509 

47 

•36218 

97 

•36494 

48 

•86245 

98 

•36478 

49 

•86276 

99 

•86461 

50 

•36806 

100 

•86414 


> ex(!ludo 
*ias found 
,its of the 
and water, 
Snk W 




§ 272. Methylic Aleohol. — 100 c.o. of the suspected spirit are dis- 
tilled twice, having been rendered alkaline during the first process 
md acid during the second, about two-thirds being distilled over each 
time. The distillate is now shaken up with dry potassium carlwnate, 
md, after standing over night, the upper layer is taken off by a syphon 
3 r pipette, and again twice distilled, about 15 c.c. being driven over. 
This will contain any methylic alcohol present in the original 100 c.c. 
A. portion of the distillate is now diluted with water to a strength 
Prom 10 to 15 per cent., and in this diluted spirit the alcohol deter- 
mined — (1.) By specific gravity; (2.) by Geisslers vaporimeter ^ ; and 
(3.) by oxidation into acetic acid. If ethyl ic alcohol alone is present, 
ill three methods fairly agree. The specific gravity will give the total 
amount of both alcohols, the specific gravity of aqueous methylic and 
Ejthylio alcohols being almost identical; but since methylic alcohol 
has a higher vapour tension than ethylic, Geissler’s vaporimeter will 
give a higher result. The oxidation process will, on the other hand, 

give a lower result, for methylic alcohol yields water and ('!f 
30 that the acetic acid found is derived wholly from the ethylic 

alcohol, and the difference between the strength thus found and 
feh^t derived from the specific gravity gives a rough indication of 
‘"roportion of methylic alcohol present. If the methylic alcohol 
prooesseificient quantity, instead of the usual slight vacuum on opening 
methods, there is an escape of carbonic anhydride, and there is no 
The detf this gas should not be either absorbed or collected and 
liauid fu;fl ' 

Dr. Duprfi gives the following example. A pure whisky showed — 

Strength by specific gravity, . . . 9'83 per cent. 

,, Vaporimeter, . . . 9 ’75 

,, Oxidation 9‘75 „ 

The same whisky, adulterated with 10 per cent, of ordinary methylated 
spirit, and tested, gave — 


Strength by specific gravity, . . . 10*08 per cent, 

,, Vaporimeter, . , . 10*46 „ 

,, Oxidation, .... 9*60® „ 

The remainder of the distillate may bemused in producing methyl-aniline 
violet or oxalate of methyl. 

The general process for the production of methyl-aniline violet is as 
follows ;--10 c.o. of alcohol, with 15 grms. of iodine and 2 grms. of red 
phosphorus, are put into a small flask, and distilled into 30 or 40 c.c. of 
water. Tne alcoholic iodide which settles to thj bottom is separated by a 
pipette, and collected in a flask containing 5 ao. of aniline. If the action be 


> Hehner has raised a doubt as to the Mefulness of the vaporimeter for the 
quantitative ostimation of methylic alcohol; in the oxidation pitwess he prefers to 
estimate the quantity of chromate reduced rather than the aoetio acid.— i4na/ysi, 

lf(rto*on the Examination pt Whisky and other Spirits for Methylated Spirit and 
VauciaI on. bv Dr. DmirA — i.. 1876, p. 4. 



too violent, the flask can be cooled with cold water; if too slow, a little 
heating may be necessary. At the end of an hour the crystals are dissolved 
in hot water and boiled, an alkaline solution is afterwards added, and the 
bases rise to the top in the form of an oily stratum, which maybe separated 
by bringing the oil, by the addition of water, on a level with the nock of 
the flask. The oxidation of the bases may be effecte<l in various ^vays, but 
best by pouring a cubic centimetre of the oily liquid on 10 grms. of a 
mixture formed of 100 grms. of quartz sand, 2 of chloride of sodium, and 
3 of nitrate of copper. After incorporation it is introduced into a glass 
tube, and kept at 90" C. in a water-bath for eight or ten hours; it is 
ultimately exhausted by warm alcohol, thrown on a filter, and made up to 
100 o.c. If the alcohol was pure the tint is red ; if it contained 1 per cent, 
of methyl alcohol the colour, by the side of the preceding, is manifestly 
violet; with 2*5 per cent, the shade. is a very distinct violet; and witli 5 
per cent, it is considerably darker. The process may be made riuantitative 
by having volumetric solutions of methyl and ordinary alcohol. Very 
miu|fc quantities of methyl alcohol may be detected by adding ."i c.c. of 
to 95 c.c. of water, and then again diluting 5 c c. of this liquid 
wi^^p0||^. of water, and heating it in a porcelain capsule. Fragments 
of ^Bpte merino (free from sulphur), immersed in tlie liquid for half an 
hd^Kwill remain white, if the alcohol was pure ; if methyl was r-escht, 
thelPlwill be of a violet tint.^ 

Oxalate of Methyl may be obtained by mixing the distillate with half 
its bulk of sulphuric acid and double the quantity of hydr(>[)ot}issio oxalate. 
The whole should stand in the retort for twenty-four hours, and then bo 
distilled. Crystals appear after a time in the cooler parts of the flask or 
retort ; their composition is (CH 8 ) 2 C 204 . It would also bo quite possible 
to produce such compounds as the salicylate of methyl, etc.® 

Fonnk Acid . — It has been already stated that methyl alcohol, when 
fully oxidised, is resolved into COo and water. This takes place in two 
stages ; first, formic acid is produced, and then this formic acid breaks u]). 
Thus;— 


^ (1.) Methyl Alcohol, 

' " clilo+a 

(2.) Fomic Acia, 
2CHA+Oa 


Formic Acid. 
CllA + HjO 

2C02-l-2Hg0 


.. It hence follows that if a spirit b^ distilled in the manner recommended 
by Dr. Dupr4, and oijth partially oxidised, it is possible to get formic acid, 
which has some very Characteristie properties. To obtain this result a 
small portion of the distillate, 2 to 4 c.c., is taken, and 3 grins, of potassic 
bichromate arc added, with an, equal quantity of pure sulphuric acid, and 
four or five times as much water. This is allowed to act for twenty minutes, 
and then distilled ; the liquid is alkalised with sodium carbonate, evaporated 
to half its bulk, acidulated with, acetic acid, transferred to a test-tube, and 
then heated gently with a 5 per cent, solution of nitrate of silver. If 

^ A Riobe and Brady, 0mptt9 HeftAw, vol. xxx., p. 1096. 

® For the detection methyl alcc^Ol in ethyl alcolicl, Van de Viveire {Chmn. CenirftZ., 
1884, 69) emnloys the property poseea^ by metl^l alcohol of fonning a oompotmd with 
calcium chlorme, which is not aeoompoeed at 100” 0. , but is decomposed by the addition of 
water ; the alcohol is distilled , from anhydrous potato carbonate, and the volume of the 
distillate determined. A portion is tnen allowed to nansiu over an eqoal we^ht of 
anhydrous calcium chloride for 24 .hourii^ ' ^e^ ^yl alcohol is then diswled oft The 
residue When treated with water and distiHed vields a mixtum of methvl aboUoland- 
water* 



formic acid has been produced, there is a distinct precipitate of metallic ^ 
silver. 

Trillat ^ identifies methyl alcohol as follows A quantity of a distillate 
corresponding to 10 c.c. of absolute alcohol is diluted to 150 o.c. and mix^ 
with 70 c.c. of diluted HgSO^ (1 : 6) and 16 grms. of potassic bichromate; 
this is shaken for twenty minutes, distilled, the first 25 c.c. of the distillate 
being rejected, then 100 c.o. of the distillate collected. 60 c.c. of this are 
mixed with 1 o.o. of dimethyl aniline in a flask with ground stopper, and 
this is placed in a water-bath at 70—80* C. for three hours. The liquid is 
now alkalised with NaOH and 25 c.c. distilled over ; the distillate contains 
all the free dimethyl aniline. The residue in the flask is acidified with 
aceti(*. acid and a few o.c. tested in a test-tube for methyl alcohol by adding 
a few diops of water with lead dioxide in suspension ; if present, a blue 
colour is produced. The test can be made quantitative by imitating the 
colour by mixing the reagent with known quantities of diluted methyl 
alcohol. 

Lams* Method of Estimating Methyl Ahohol in Ethylic Alcohol. — The 
alcohols are coiiverted into iodides by treating 25 c.c. of the alcohol with 
^5 grms. of amorphous phosphorus and 40 grms. of iodine; when the 
riMOinm is over the liquid is distilled ; the distillate is first washed with 
weak solution, then with w’ater, and finally dried by calcic chloride 

(the specific gravity of McI =» 1*944, that of EtT = 2*2677). The specific 
gravity is now taken, and the amount of methyl deduced by the aid of tables 
given ill tlie original paper {Zeit. ang&io. Ghem,, 1898, 125-130). 

Acidify of Alcohols, — A definite quantity of alcohol is coloured *by 
phenol-phthalein, and decinormal soda dropped in until the liquid is 
neutral^ the result may be expressed as acetic acid. 

Aldehydes, — ^Aldehydes are detected by a solution of fucfistne made as 
follows: Bisulphite of soda solution (sp. gr. 1*3082), 100 c.c. ; aqueous 
sol ution of fuchsine ( I per 1000), 1 60 c.o. ; pure sulphuric acid (66 per oent.J, 

15 C.C. ; the whole made up to a litre with distilled water. 4 c.c. of this test 
solution are added to 10 c.c. of a distillate ; should aldehyde be present, a 
red colour is almost immediately produced, attaining its maximunx in twenty 
^nutos. To estimate the quantity, a distillate is taken and diluted until 
it contains 50 per cent, of alcohol, or the distillate may be fortified with 
pure alcohol until it is of the strength mentioned. The colour is now 
produced by the test, and the colour imitated by adding the same test to 
alcohol of 60 per cent, containing 0*050 grm. per litre of acetic ^anhydride. 

Furfurol . — Furfurol may be detected by a number of reactions; one 
of the most ^nsitive is the red colour produced, by the addition of an 
alcoholic solution of o-naphthol and a vei^ittle strong sulphuric acid. The 
French chemiste estimate furfurol by the tint produced by acetate of aniline 
in a furfurol-holding liquid, as compared with the tint produced by adding 
^ pure ahohol of 60 per cent, a solution of furfurol in alcohol of the same 
strei^b, .each litre of which contains 6 mgrms. of furfurol. It may also be 
estimat^ by quantitative imi^trosoopy. In both of these methods, since 
the wimspn /^lou^. caused *by aniline acetate darhens by time, tj^e 
observations must-be made always exactly the same time after the addiytjiQn« 
of the reageiii . •. V J 

m^ibe;^imd!iii sp - Its boUing*poipt is 66^*6 J 
80,thafcitwillJ^lonnd,Mf p^e^, in^e first ^rastion of a d&tillatifc? 

It gives the usual teslfeUre the f 





of debenzilidiiie acetone {antn^ p. 384c) and the production of indigo blue 
by the addition of ortho-nitro-benzaldehyde and soda lye until alkaline. 

Acetone may also be detected by the Keynolds-Ounning reaction. To 
an alcoholic solution of mercuric chloride, alcoholic potash is added to 
alkaline reaction and mixed with the solution supposed to contain acetone, 
shaken, and filtered ; if acetone be present, the filtrate will contain mercury 
as shown by a black precipitate with ammonium sulphide. Acetone^ can 
be titrated by moans of potassium iodide and sodio hypochlorite. The 
process depends on the transformation of acetone into iodoform, and the 
fact that until all the acetone is converted, no free iodine is liberated. Tlio 
hypochlorite solution is thus standardised ; — A solution of acetone in water 
of 0*4 per cent, is prepared; to 100 c.c. of this, 10 grms. of potassium 
iodide and 20 o.o. of pure soda lye of 28° Beau me are added ; when the 
iodide is dissolved, the hypochlorite solution is added drop by drop from a 
burette, until a drop of starch solution to which sodium bicarbonate has 
been added strikes a blue colour. Solutions or distillates of acetone are 
dealt with similarly. 

Mm , — Esters arc detected and estimated as follows: — A known 
volume of alcohol is distilled; the distillate is exactly neutralised by^ 
decinormal soda or potash ; then to every 100 c.c. of the distillate, 20 do 
30^.0.^ decinormal alkali are added, and the fiask with its contents con> 
n^S^lpth an inverted condenser and submitted to the heat of the water 
b^Hfb'r half an hour ; at the end of that time the liquid is cooled, and 
tHIPamount of alkali remaining unsaturated estimated by titration with 
decinormal acid. The diminution in acidity is due to the saponification 
of the esters, the acid uniting with the alkali, and the alcohol being 
regenerated. It may be expressed as acetic ether; every cubic centimetre 
of decinormal alkali equals 0*0088 acetic ether. 

§ 273. The Higher Alcohols.'^ — Fousel Oil is the name given by most 
chemists to amylic alcohol ; it may, however, be conveniently applied to the 
mixture of the higher homologiios of ethylio alcohol. 

/rams estimates the amount of amyl alcohol by the increase in 
bulk’ triT. the chloroform. This has been much improved by the Swiss 
chemists. As carried out in the laboratory at Berne, the method is as 
follows : — First, the alcohol is brought to 30 per cent, at 15° C. One per 
cent, error plus or fninw in the strength causes a difierenoe, according to 
p.. Sell, of *0199 per cent, in the volume of ibusel oil. 

^ Robinean aud G. Rollin, M<miteur srnntifftque^ vil, 27 * 2 . 

‘ The higher alcohols found in spirits are usually mi^ridres of amylio, butylic, and 
propyUe aiccmols. M. E. Glaudou and Ch. Morin have obtained the following results 
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A special apparatus is absolutely necessary for the process. This is 
simply a oyliudrical vessel (see fig. 64) surmounted by a globular reservoir. 
The lower bulb is of a capacity of 19*5 c.c. ; the tube is 18*5 c.c. long, with 
graduations from 19 c.c. to 22*5 c.o., divided into o.c., and 
the divisions are 1*3 mm. apart, which permits the appreciation 
of c.c. ; the reservoir is of from 200 to 250 c.c. capacity, 
and altogether the whole apparatus measures 39 cm. 

20 c.c. of chloroform are placed in the apparatus, all the 
measurements being made at 15" C.; the meniscus of the 
chloroform ought, if 20 c.c. be used^ to reach at this tempera- 
ture the lower division of the scale ; 100 c.c. of alcohol are then 
added, and 1 c.c. of sulphuric acid (sp. gr. 1*2857). The 
mixture is shaken in the perfectly corked apparatus a definite 
number of times; according* to M, Sell it is necessary to 
shake 150 times. In the Borne laboratory this is done by 
machinery, so that each sample is submitted rigorously to the 
same amount of shaking. I’he volume of chloroform is read 
after the apparatus has been allowed to rest for some time. 

Pure alcohol of the same strength is submitted to the same 
"^ooe^s, and the difference between the two is reckoned as 
fouseKoil or amylio alcohol; an augmentation of volume of 
0*01 is equal to a proportion of 0 006631 per cent, of amylic 
alcohol. 

Sav(dle*8 Method of Ascertaining and Estimating the 
fmfmritias in Alcohol , — This process depends on the varying 54 , 
tints alcohols take when treated with pure sulphuric acid. 

10 c.c. of alcohol are put in a flask with 10 c.c. of pure sulphuric acid ; 
the mixture is heated just to ebullition ; when the liquid cofnmences to 
boil — iu fact, immediately the first bubble is seen — the process is 
stopped aftd the mixture transferred to a glass prism (the faces of 
which are at an angle of 2" *5), and allowed to cool ; the joqlj^uc^iEuduced 
is compared with a series of coloured glass slips which by superpositidlt" 
form a chromatic scale from 1" to 16". The process is stated to be 
useful, but. as the colour produced with various alcohols is difierent, 
and since the colour is also dependent on the alcoholic strength, it has 
only a comparative value. To meet the last objection to the process 
it is recommended to always bring the alcohol operated upon to 50 
per cent. 

With a uniform strength of 50 per cent, the degrees of colour expressed 
in Savalle's scale for 1 o.c, per litre of the following alcohols are thus : — 



Capiylio, . 
IsoWylio, . 
(Enanuiylic, 
Amylio, . 
Pxopylic, , 
Isopropylio, 
5ormal butylic, 
Jfothylic, . 
Olyderin, . - 


7 Furfural, Intense black. Amyl acetate, , 


6 Isobutylic, 

4 Paraldehyde, 
2 Propionic, 

0 CEnantliylic, 
0 Valdri^nic, 

0 Ethylio, . 

0 Medylal,. 

0 AosW, . 
Batylio, . 


Ethyl acetate, . 
Ethyl propionate and 
omer ethen, 




go *; POODS : their 'Composition and analysis. . 


The method used by Saglier is essentially a modificatiou of Savalle’s 
rocess. Aldehydes are first fixed as follows : — 50 c.c. of alcohol of 60“ 
id 1 grm. of metaphenylenediamiiie hydrochloride ^ are boiled for an hour 
□der an inverted condenser. The result is that a non-volatile combination 
f 2 molecules of metaphcnylenediamine to 1 of aldehyde is produced, 
he same purpose could be effected by aniline phosphate. The mixture is 
ow distilled as far as possible, and the distillate brought up to the 
riginal bulk with distilled water. 

Comparison liquids are made as follows : — For comparing with liquids 
F high alcoholic content, a solution of isobutylic alcohol in 50 per cent. 
Icohol, equal to 0'6 grm. per litre. For alcohols of lower content, since 
le reaction succeeds better with strong alcohol, the comparison solution 
Icohol is of 90 per cent., containing isobutylic alcohol in the proportion of 
'1 grm. per litre. The distillate in the latter case is also brought to 

0 per cent, strength. 

The operation itself is done as follows: — In two different flasks are 
laced 10 c.c. of the sample and 10 c.c. of the comparison liquid ; to each 

1 added 10 c.c. of monohyd rated sulphuric acid; the flasks are shaken, 
leu the two liquids are heated to the boiling-point, allowed to cool, the 
flours compared, and the quantity estimated on colorimetric principles, 
n commercial spirits the colour differences of the higher alcohols are so 
nail that it is necessary to exalt the reaction ; this is effected by adding 
) each of the liquids before boiling 20 drops of furfural solution (1 : 1000). 
his mixture will give a rose colour with the higher alcohols. If the colour 
roduced by isobutyl alcohol equals 10, then the following numbeirs denote 
ie intensity of the colour with other alcohols : — Crude amylic alcohol, 6 ; 
ure iso-amylic, 4*5 ; normal butylic, 1 ; iso-propylio, 0*5 ; propylic, 0. 

The Alim Marquardt Process. — The original Marquardt process published 
1 1882 {Berichtf xv.), aimed at extracting amyl alcohol from dilute spirit 
y moans of chloroform and oxidising the same to valeric acid. Allen 
ibsequently improved the proc*e8S by substituting tetrachloride of carbon 
)r the chloroform. The details have been farther modified by Sohidrowitz 
n3 Kaye {Analyst, 1906, 181). 

The spirit should be of apjjroximately 50 per cent, strength and be freed 
rom esters, furfural and aldehydes; it is diluted with brine until the 
ravity is exactly 1*1. The alcoholic brine is now shaken out with three 
uccessivq quantities of carbon tetrachloride (from 100 to 160 c.c.). 

[The carbon tetrachloride should be specially purified .by first washing 
rith ^ater, then boiling several hours with chromic acid mixture, 
ubsequently washing with water, then with dilute sodium bicarbonate, 
nd finally again with water until neutral It is now distilled and the 
istillate used.] 

The carbon tetrachloride used for the extraction of the amyl alcohol is 
rashed with a little water to get rid of ethylic alcohol, 

The c^bbn tetrachloride is next oxidised by an oxidatioh mixture 
^posed of 5 grms. potassic hichronoate, 1*5 o.o. strong sulphuric acid, 
ptd 30 C.C. of water, . . „ 

Schidrowitz uses an alj-glaas apparatus for this mupose. ' . 

4«S00 o.Ck Jena gl^ ^Idhioeter fiask is carefully fitted with a ground- 
lass joint to an otc^ary inverted li^ebig condenser. The MDtijd' tube irf 

^ It appeals that thjh reagent U inferior to Hewstt^s reagent (pboByl-hydzaiine 
llphohati of lime), but this prooeaa ia bow little naad, on aoco^of vaEkics.stfm!eet of 
rjrotinitsappllwtion. - 





the condenser is fitted throughout its length with a Young's ‘rod and disc.' 
This prevents any loss. Schidrowdtz found by experiment that spirits not 
containing more than *15 per cent, of amyl alcohol required eight hours’ 
oxidation. In this process a little hydrochloric acid is set free, the amount 
being, roughly speaking, equivalent to about 2 c.c. of decinormal baryta. 
The amount ^ total acid formed in the oxidation is obtained by separating 
the volatile solvent, washing the same, and titrating the well-washed pro- 
duct with decinormal baryta water. Allen proposed that the titration 
should first be with methyl orange as indicator, which would give the 
mineral acid ; then with pheuolphthalein, which would indicate the organic 
acid; titrated in this way, however, Schidrowitz has found that the 
chlorine is over-estimated, and in cases of importance he advises the chlorine 
to be determined by weight, and from the weight found the necessary 
correction to be made. 

The Ester Iodine Method. — C. H. Bedford and Robert L. Jenks (/. Soc. 
Ghem. Ind.^ 1907) estimate the higher alcohols as follows : — 

The spirit freed from esters and aldehydes is reduced to 20 per cent, 
alcohol by volume ; to 30 c.c. of this arc added 25 grms. anhydrous calcic 
^.^loride, and the solution is shaken twice wdth 50 o.c. of carbon tetra- 

jide. The 100 c.c. of CCI 4 are washed twice with 30 c.c. of a solution 
of calcium chloride of 1*4 gravity * the liquid is next agitated with 2 grnjs. 
of potass!^ hydrogen sulphate and 1 grrn. of sodium nitrate ; the carbon 
totrachlor]|e is removed, the residue washed twice with a little carbon 
tetrachloride, and the whole of the solvent washed with 20 o.c. of saturated 
sodium hydrogen to remove traces of nitrous acid. The nitrate formed is 
estimated by the method of W. R. Dunstan and T. S. Bymond (Pharm, S. 
^ xix.). A stout glass flask of about 100 c.c. camcity is fitted 

with an indiarubber stopper, through which passes a slmk glass tube 
(^nnected with a small tube funnel by means of a short piece of thicli 
indiarubber tubing carrying a steel screw clamp ; 6 c.c. of 10 per cent, 
potassium iodide solution, 5 c.o. of 10 per cent, sulphuric acid, and 40 c.c. 
of water are introduced, and, the tube being open, the contents are boiled 
to expel all air and free iodine ; the tube is then clamped and the source 
of heat withdrawn. The flask is then cooled, A known quantity of the 
nitrate solution is then carefully added so as not to admit air ; the iodine 
liberated is estimated by a decinormal sodium thiosulphate sciution, the 
thiosulphate being added carefully so as not to admit air; the final 
reaction m»y,. if necessary, be checked by starch, but the colour of the 
dissolved iodine is usually sufficient. 

This process. aims at not only es|»mating amyl, but also butyl and 
propyl alcohols. The authors suggest 4hat to another portion of the dilute 
alcohol may be ^fipplied the AllemHisrquardt method, which will only 
cstimsla tho#myl alcohol. 

J.^UrauhiB Process^ — J. Traube^ has published a process for the 
determination and detection of fousel oil, based upon the variations in 
height of. cajnpary ascent, between pure alcohol and mixtures of pmyl 
and f thyi alcohol , A oapillarom.eter, consisting of a thin-sided capillary 
tube, a^t uim. in diimeter, is used; this is fasi^ed to a veprffiu 
scale divided inio haltoilRmetre!^ The seaU teminates atj wro iu twe 
points, which nro set^exaotly at the surface of the liquid by . means ol i 
stand, movable upon The jTiquid: 1 ^„he ezamined is worl^Vp i| 

\ » Bee leht. l4t7, itV 
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the capillary tube two or three times, and the bottom of the meniscus is 
read oif a few seconds after the meniscus has come to rest. 

Banes , — These in wines and spirits consist of ammonia, amides, alkaloids, 
and pyridine bases. The French school apparently use what is essentially 
Wanklyn’s process ; the free ammonia they return as ammonia and amides, 
the albuminoid ammonia they return as alkaloids and pyridine bases ; of 
course, the ammonia from the last does not represent all the nitrogen the 
alkaloids, etc., contain, nnd it would have been better in the table on 
p. 386 to have expressed them as ammonia and albuminoid ammonia. The 
process used is shortly as follows 100 c.c. of the alcoholic liquid arc dis- 
tilled nearly to dryness, first adding 2 c.c. of syrupy ammonia-free phos- 
phoric acid. The residue is now transferred to a retort of 2 litres capacity, 
containing a litre of water alkalised by 20 grms. of soda carbonate and 
previously distilled until no amiuonia comes over. The residue being 
added, the distillation is recommenced and the ammonia estimated in the 
way desorilied in the article on * Water’ (post) ; after distillation of the free 
ammonia, alkaline permanganate is added and the albuminoid aininonia 
obtained. 


IhlANDY. 

§ 274. The word “brandy ” is derived from tl^ German Bra'>iiilwnn, a 
word used in that country in quite a general sense, ^for almost ary distillate 
derived from a li(|uid which has been fern^ted; thus we have potato 
branntwein, rice branutwein, and so forth. Brandy is, ho\\(jvur, 
commonly understood in this country as applied to a spirit derived from 
the distillation of wine made from the grape, Cognac being a brandy 
made in the district of the Chareute from special varieties of the grape j 
brandy, on the other hand, is derived from various districts in Franco. The 
English public, when they ask for brandy, without doubt mean a spirit 
more or less approximating to Cognac. 

Artificial brandies are made by the addition of various essences to proof 
or grain spirit. 

^ large numbci^^ analyses of these essences have been collected by 
Kbnig {Op, dt .) ; ihejr are for the most part solutions in alcohol of fouscl 
oil, with volatile fatly .acids from formic to caprylic acids, esters, aldehydes, 
ind sugars. In |Giftie of the essences vanilla is found, and in a few balsam 
d Peru, from wttch the analyst may obtain resin, benzoic acid, cinnamic 
kcid, and benzyl alcohol. 

Although there have been a number of brandies analysed, it 
nust be confessed that the qualidra& brandy c;^ only be partly told by 
(hemioal analysis, and in this rdlfedr analysis is inferior to the palate of 
be expert taster. 

A good many artificial braiuaus cou, iiuw«yer, be at once detected by 
inalysia It may be confidently laid down that a genuine brandy should 
lave at least 38 parts of ester per 10O,O0Q of alcohol, and should approxi- 
nate to the minimum values of the analyses given below. It has been 
proposed to add the acetic acid, aldehyde, furfurol, esters and higher 
j|pohols expressed in parts per 100,000 of absolute alcohol together, and 
Isake this “coefficient of imparities ” a standard of^hdulteratiou, but since 
^6 coefficient thus obtained appears to vary in genuine brandies from 
^ut 225 to 1 1 65, this is a rather variable number to base a standard on. 
Still, if the analyst fihds the numbers appreciably below 300, this fact will 
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be suspicious. Some of the English analysts Imve taken as a rough guide 
the amount of ester calculated as ethylio acetate, and have considered that 
a genuine brandy should possess at least 80 parts of ester per 100,000 of 
absolute alcohol ; but here again there is too much difference of opinion on 
the subject to safely adopt this arbitrary figure, a figure not even supported 
by analysis of a few genuine cognacs. 

Kiinig (Die Menschlichen Nahrungs- u, Genussmitielf 1904) has collated 
114 anafyses of true Cognac, from which the following figures may be 
deduced : — 


Paiits per 100,000 Absolute Alcohol. 



Alcohol 
per ceut. 

Acetic 

Acid. 

Aldehyde. 

Furfiirol. 

Esters. 

Higher 

Alcohols. 

Lowest, . 

3.5-3 

2-74 

7-93 

trace 

87-96 

164-6 

Higliest, . 

81*8 

247-2 

68-7 

4-64 

369 

622 

Mean, 

.56-1 

81*9 

24-2 

0-10 

212 

289 

Imitation Cognac, . 

40-9 

24*9 

2-69 

0-49 

17-1 

11-6 


" Fd. Miihler (Compt. Rend, 1891) gives the following average 
composition for true and artificial Cognac: — 


Per cent. 

Farts per 100,000 Absolute Alcohol. 

0 

Alcohol. 

Extract. 

Acetic 

Acid. 

Esters. 

Aide. 

hyde. 

Higher 

Alcohols. 

Kurfurol. 

Nils and 
Amides. 

Pyridine 
Bases and 
Alkaloids 
as NHg. 

True Ooguac, 
Imitation, ' . 

48-6 

44-7 

0-664 

0-412 

0-08 

0-007 

to CO 

21 

6 

165 

22 

1-34 

0-33 

0'88 

1-0 

0-46 


Rum. 


§276. The best rum is distilled from fermented molasses, inferior 
kinds from the debris of the sugar-cane. In France a considerable amount 
of spirit is also derived from the molasses of the beetroot-sugar factories. 

As imported rum is a strong spirit containing from 44 to 65 per cent, 
absolute alcohol and from 0*3 p^r cent, to I’O per cent, extract, retailers 
mostly dilute it down nearer the legal limit of alcoholic strength. 

The proportion of so-called impurities to the alcohol in genuine rums 
may be gathered from the following table : — 

PEorouTioN OF Constituents in Genuine Rums expressed in Parts 
^ ^ PER 100,000 OF Absolute Alcohol. 



iLoiditjr. 

a 

Aldeliydas. 

Furfurol. 

Esters. 

Higher 

Alcohols. 

Minimum, > . 

, 1B6 

0*6 

10 

106 

62 ; 

Mayinmni, . . . 

400 

47 

6‘1 

859 

800 

Mean of many samples, v" 

'247 

19 

8-0 

280 

186 . 









Rum diluted with silent spirit gives an acidity of less than 155 ; the 
esters are usually under 100; the higher alcohols seldom attain 50, 
occasionally a little over 100, 


. Whisky. 

§ 276. Whiaky is one of the corn spirits, and is usually manufactured 
from malted grain. The Scotch distillers for the most [)art make it 
entirely from a malt mash, the Irish use malt and raw grain ; but in both 
countries there are considerable dift'oronces in its manufacture. 

The composition of whisl'y can be gathered from the analyses of Schidro- 
witz. Several prosecutions have taken place, especially at- the instance of 
the Islington Borough Council, with regard to whiskies in jiart or wholly 
consisting of spirit distilled from a patent still as distinguished from *pot 
still ’ whisky. The Royal Commission on the subject has, however, declared 
in point of fact that whisky other than pot still is entitled to the name of 
whisky. Hence the food analyst cannot refuse to call an alcoholic licjiiid 
of the flavour and taste of whisky, whisky, although it may be deficient in 
the higher alcohols, esters and furfurol. On the other hand, any particular 
brand of whisky asked for and not supplied would probably be an oftcnce. 
not only under the Trades Merchandise Act, but also under the Sale of 
Food and Drugs Act. To establish such a case it \rill always bo necessary 
to obtain genuine samples of the same age and character from the 
distillers or other source, and the case may be established by a careful 
comparative analysis of the two liquids. 

As in the case of wines, so in the case of whisky and spirits generally, 
analysis has its limits, and chemical analysis fails to distinguish the minute 
flavours which produce such an important difference in the commercial 
value of such liquids. The professional expert * taster ’ is on these points 
a necessary assistant to the analyst. 


Analysis or Wuiskhes by De. Ph. Schidrowitz {J. Soc. Chem, Ind,, 1902) ^ 


Fl^pared 

Irom' 

Age. 

Alcohol 
Vol, per 
oeut. 

Per 100,000 of Absolute Aloohol. | 

Extract. 

Volatile 

Acid. 

Fixed 

Acid. 

Eeters. 

HiKlior 

Alcohola. 

Furfurol 

Aldo- 
hydee. 1 

1 

1. Maize, 

Fresh 

62-6 

16-8 

14-8 

0 

90-0 

268-3 

8-4 

3-0 1 

. 2. 

1) 

68 -6 

100 

9*4 

0 

82-3 

94-3 

8-5 

19-8 ! 

8. M 


62-2 

27*0 

25-4 


199-4 

6-2 

11-4 i 

4. Bye, 


52-4 

17-3 

0 * 

0 

56*2 

84 -a 


6-9 ; 

6. „ 

)> 

70'6 

7*0 

0 

0 

d7'6 

677 

- 

27 1 

6. Malt, 

4 years old 

60-4 

316-1 

28 1 

1tl*5 

U27 

182-0. 

1*8 

13 -Z j 

7* u 


60*8 

264-2 

31-3 

84*6 

9010 

265*9 

8-0 1 

29-6 j 

; 8- •« 

If 

60-6 

122-0 j 

61 1 

1T6 

lll-O 

160-8 

2-8 

85-2 


5 yean old 

59-7 

22-4 1 

201 

6-0 

109-4 

148‘8 

37. 

21*8 

.W* M 

4 yean old 

60*5 

29-1 

81-1 

f • - 

258-0 


13 -.5 

lURye, 

8 yean old 

60*3 

124 6 

8*3, 

trace 

69*4 

76 2 

. 

12-8 

12. 

5 yean old 

69*1 

1647 

13*5 

6*1 

72*4 

77-1 


9-1 


^ I Tire higher aloohole were deteMied bj the Allen-MM-quardt proceu, the aldeliydei and 
^hirlurpl ooloiliaetiic^jr. ' . ^ 

. \ - Gw. 


1^77.. Gin is a spirit, with- Buhstances. The ‘ 

Itotutor^ limit of dilution gii^ is ^ degrees under prpat. To caleplate 



the amount of water adaed the excess of degrees U.F. above 35 
multiplied by the factor 1'54. Thus a gin 40“ U.P. would have been^ 
diluted 6 x r64, or 7’7 per cent. The different receipts used in the 
trade include — 


Juniper berries. 
Coriander seeds, 
Orris rt)ot. 
Angelica root 
Calamus root 


Cai-daraom seeds. 
Liquorice powder. 
Grains of Paradise. 
Cassia buds. 


Tlmso generally iin})art their essential oils to the spirit. A few of 
the more important only will be described here. 

§ 278. Oil of Gdlamvs . — The oil distilled from the root of the calamus 
is a somewhat thick, yellow, or brownish-yellow oil; neutral, specific 
gravity 0'960 to 0*952; after rectification, 0*950; boiling point, 190“. 

It contains oxygen, is but slowly changed by sodium, and does not ful- 
minate with iodine. It dissolves in all proportions in alcohol and . 
bisulphide of carbon. The spirituous solution of the oil takes a brown 
colour on the addition of a little chloride of iron. 

§ 279. Oil of Oardamom^ is a pale yellow* oil, with a strong smell of 
“"''^^sdamoms, of neutral reaction, ' of specific gravity 0*92 to 0*94. It 
Conte 'S a stearoptene of the formula 

§ 280. Angdim root contains a volatile acid — Angelic a bitter 

principle, a crystalline substance — Augelicine — a resinous substance, an ■ 
essential oil, and other constHneuts. 

Angelic Acid^ forms transparent glittering prisms and 

needles, melting at 45“ into an oil, which may be solidified at 0“ into a 
crystalline solid. If the heat be raised up to 185“ it boils and distils un* 
ohiuiged ; it is inflammable, burning with a luminous flame. The acid 
reddens litmus, and has the odour of the root. It scarcely dissrdves in cold, 
but is soluble iu hot water, in alcohol, ether, turpentine, and the fatty 
oils. It forms salts with bases, which lose a part of the acid on evaporation. , ; 
It precipitates lead and silver salts white; iron salts, dark yellow; and 
copper, bluish. By the aid of hydrio iodide and red phosphorus, acting at ? 
180“ to 200“, angelic acid is changed into valerianic. Melting the acid , 
with KHO decomposes it into propionate and acetate of potash. 

Angelkine is, according to Brunner, probably identical with hydrch . 
carotiny a jirinciple described by Husemann, found in the Daucus carutay ■; 
L., and to which the following formula is ascribed, C^gH^QO. Hydrooarotin, , ^ 
or angellciue, forms colourless, large, thin plates, without smell or taste, 1 
swimming in water, and Incoming 100“ bard and brittle. At higher^; 
temperatures (120**5) it melts witli^t loss of weight to a yellow flui(^ | 
which solidifies as a resinous mass, and cannot be again orystallised. It is 
readily soluble in ether, ohloroform,: carbon Wsulphide, benaine, oil ot ; 
tttipentine, and warm olive oil. It is not changed in oobur by concen- 
trated hydrocblodc acid; fuming nitric acid dissolves it with the evolution g 
of gas: Concentrated sulphuric acid dissolves it to a red fluid, depositing | 
broj?nifiii-white flakes on dilution with water. 

Angdiea OH is colourleisB, and lighter than water ; it has a ^etratin^;| 
, odour and camphor-like tast4. aftd resinifies on exposure to the air. • 1 

§ 281. OH of Coria/nAer is a pale yellow oil, smelling like the fruit ; 61% 
specific gravity '871 at 14*, ^nd a p^ion . distilling over at 15Q". 



volatile part corresponds to the formula Cj^HigOg «= (0113)20 : CHCHgCH, 

0(CH8)OH.CHCH2. 

§ 282. Oil of Juniper is contained in the unripe berries of the common 
juniper, in the propiu-tion of from *4 to *75 per cent. It is colourless, or 
of a |m,le yellow, dissolving with turbidity in twelve parts of alcohol of 83 
per cent. Miscible in all proportions with ether and bisulphide of carbon. 
Smell and taste mildly aromatic. Specific gravity 0*862 to 0*874, but the 
poorer commercial samples often have a specific gravity of 0*860. The 
perfectly colourless oil does not fulminate with iodine, but the commoner 
kinds explode powerfully. If from 5 to 6 drops of the oil be placed in a 
test-tube, and five times its bulk of sulphuric acid be added, much heat is 
developed with the evolution of vapour, and the fluid becomes dark yellow- 
red and turbid; on now diluting with 10 c.c. of 90 per cent, alcohol, the 
colour changes to a somew'hat dirty rose tint. The pure oil boils between 
140“ and 150“. On exposure to the air, oxygen is absorbed ; and on long 
standing, colourless tables of juniper camphor are separated. This camphor 
melts and sublimes without decomposition, is easily soluble in ether and 
alcohol, and may be obtained in feathery crystals. 

The action of warm water on juniper oil, if kept up for some consider- 
able time, results in the formation of a crystalline hydrate. Oil of juniper 
is officinal in all the Contincntril pharmacopoeias, as well as our own. In 
sucli large doses as from 15 to 30 grms., it is fatal to kittens, apparently 
acting in the same way as turpentine. 

§ 283. Analysis of Gin , — The analyst should find in good gin at 
least 80 per cent, of proof spirit, and a variable amount of sugar and 
flavouring matters, seldom much over 5 or 6 per cent. Sulphuiio acid, 
sulphate of zinc, alum, and load should always be looked for. Many 
writers seem to imagine that grains of jmradise is an adulicrant It 
is, however, in its properties merely a pepper, and much nonsense has 
been talked about it. It is very doubtful whether any just conviction 
would be obtained for the addition of any harmless flavouring to the 
spirit; nearly all prosecutions hitherto have been for dilution, and for 
dilution only. 

The alcohol is determined by distillation, as before described (p. 387), 
and^the percentage in the distillate estimated by specific gravity, and, if 
necessary, in other ways. Neither methyl-alcohol nor foiisel-oil appears 
to have been found in- gin. 

The residue after the distillation may be treated with petroleum et|?ey, 
benzine, etc., as in Dragendorffis process for the testing of beers. The 
p^ssontial oils will be taken up by the petroleum ether, and may be identified 
by their odour and taste, and (if enough is obtained) by * their physical 
properties. Sulphuric acid, if in a free state, may bo separated by 
, cinchonine, as recommended under the article ‘Vinegar.’ The detection 
of alum, lead, and zinc is elsewhere described. 


Arraok. 

§ 284. The best qualities of arrack are manufactured by distillation of 
he ferm0nted juice of the cocoa-nut tree, palmyra tree, aiii other palms ; 
i)ie coarser kinds are made from the distillation of fermented rice liquor, 
irraek is nearly colourless, a slight tinge of yellow or brown being only 



observed in samples kept in casks for a length of time. The average 
strength and composition of arrack are as follows: — 

gravity, .... •9ir>8 

Alcohol, . . , • , , . , 

Extract, 

Ash 

Water, . 

The Hindoos and Malays consume largo quantities of arrack. It would 
appear in the East to be occasionally drugged, and Indian hemp and the 
juice from solanaceous plants are said to be employed for this purpose. 


I'er cent. 

62-700 

•082 

•024 

47*194 


LIQUEURS OR CORDIALS. 

^285. The term cordial, liqueur, etc., is applied to a number of 
iiqmda which essentially consist of very strong spirit, flavoured with 
essences, and often very brightly coloured by vegetable colouring-agents, 
such as trvrmoric, cochineal, etc. Occasionally injurious colours arc 
used, and salts of copper, picric acid, and impure aniline dyes have been 
detected. Of the liqueurs, absinthe is the most important in relation to 
health, afid will be considered separately. The alcoholic strength and 
general composition of a few others are as follows : — 



.Mpeclflo 

Gravity. 

Alcohol 

by 

Weight. 

Extract. 

Cane 

Sugar. 

Other 

Sxtroutir? 

MattA-B. 

Ash. 

Bonekanip of Maagbittor, . 
Bonedictdiie-bitter, . 
Iiigwer, .... 
Creme de Menthe, , 
Anisette de Bordeaux, 
Curajoa, .... 
Mflmmel-liquenr, 
PfeUbrniunz liqueur, . 
Swedish Punch, 

•9420 

1*0709 

1-0181 

1*0447 

1'0847 

1-0800 

1*0830 

1*1429 

1*1030 

42*6 

44*4 

40*2 

40*7 

86*2 

47-3 

28-0 

28-6 

21*6 

2*06 

36*00 

27*79 

28*28 

84-82 

28-60 

82*02 

48*25 

36*61 

82*67 

26*92 

27*63 

34*44 

28*50 

81*18 

47*86 

8-is 

1*87 

0*66 

0*38 

0*10 

0*84 

0*90 

0*106 

0*048 

0*141 

1 0*068 
0*040 
0*040 
0*058 
0*068 


AssiNXfiK. 

§ 28fl. Absinthe is a yellowish-green liqueur, which contains, as a 
peculiar aud distinctive ingredient, a poisonous oil having a deleterious 
action on the nervous system. This, UHjrmwood oU^ is the produce of 
the Artemiiiia ahsintkium.^ Other ^vouring oils are always present, 
such as peppermint, angelica, cloves, cinnamon, and aniseed. The green 
colour is produced by the juice of spinach, nettles, or parsley, or, in other 
words, it is duo to chlorophyll. The absorption-spectrum of properly made 
absinthe is the same as that of chlorophyll. Most samples of absinthe 






contain sugar. The average composition of the liqueur as consumed in 
London (wliere its use is on the increase) is as follows : — 


Per cent. 

Ab>Kjlutft alcolicil, .^»0'00 

Oil of wormwood, ‘83 

Other ess(5utial oils 2 *.52 

Sugar, 1*50 

Chloropliyll traces 

Water, 45*66 


On diluting al)sintbe the essential oils are thrown out of sfdntion, and 
the liquid becoint^ turbid. The reiiction is always slightly acid, due to a 
trace of acetic acid. 

q/* The composition of absinthe aj)poars to be 

iixed by no definite standai'd of strength ; therefore, practically, the analyst 
has to look only for such substances as injurious colouriug-mattors and 
metallic impurities. Sulphate of indigo with turmeric is not unfrecniently 
employed as a colouring agent, and similarly picric acid has boon detected, 
and salts of copper. The latter is readily discovered by diluting the liijiieiir 
and adding fcrrocyanidc of potassium, which, if copper be present, will give 
a brown coloration ; picric acid and indigo are detected in the way else- 
where doscrilied. (See Mex,) 

Awtliislsof Ahninlhe , — The alcohol maybe determined by diKtil)||.]y 
after diluting the liqueur to cause the oils to separate, and get* ■’ 
some portion by filtrutiou. To make an estimation of the essr^ 
measured quantity of the liqueur is diluted to twice its ^ w*.v 

addition of water; carbon bisulphide is added, and the mixture s|pikcn up 
in the tube described at p. 223. The carbon bisuliihide dissolvt‘s all I ho 
essential oils, and on evaporation loaves them in a state pure enough to 
admit of their being weighed. Absinthe, when taken habitually and for a 
lengthened time, produces a peculiar train of nervous symptoms which the 
French physicians alfect to distinguish from the similar symptoms ])roduced 
in inebriates by alcohol. In epilepsy caused by indulgence in absinthe, M. 
Yoisin states, as the results of clinical observation, that the number of fits is 
far gi'eater than in alcoholic epilepsy. 


FERMENTATION : FERMENTED LIQUORS. 

" The chemical Act of ferinoiitetion is essentially a correfltive phenomenon of a vital act 
beginning and ending with it. 1 think tliat there is* itoVer any alenholio fei'meuta- 
tion without there being, at the same time, ^ganisation, develo])meut, and 
multiplication of globules, or the continued consecutive life of globules already 
formed.”— Pasi«*r. 

§ 287. Fermented liquors are those manufactured by fermentation — t.e., 
a peculiar, low vegetable growth has been allowed to gijow* and multiply, 
assimilating material in one form, and excreting it in another, and this 
process has evolved, with other by-products, carbon, dioxide and alcohol 
Fermentation used to be cotjtsidered as a sort of special action ; but modern 
research recognises a great variety of ferments, and it is a question whether 
all animal and vegetable cells, in the exercise of their normal functions, do 



''Vv 

not act in a similar manner to the environing fluids, as do the organisms ^ 
more distinctively called ^ferments.* 

In normal alcoholic or spirituous fermentation, as in the manufacture of 
beer, a minute unicellular plant, * yeast, ^ grows and multiplies, and splits 
up the sugar, as in the following equation : — 

= 2C.2HgO + 2 CO 2 , 

that is, one molecule of sugar furnishes two of alcohol and two of carbon 
dioxide. In ordinary practice this complete reaction never occurs, but if 
by the constant removal of carbon dioxide and alcohol, by means of a 
mercury pump, atmospheric air be excluded, the equation is nearly realised. 

M. Pjistenr, in his quantitative research on the products of ordinary 
fermentation,^ found that 100 parts of cane sugar, corresponding to 105*20 
parts of grape-sugar, gave nearly 


Alcohol, .... 

51*11 

Carbon dioxide. , . -j 

48*89 accoitiing to Cay Lussac's equation. 

0*53 exce.-w over ,, ,, 

Succinic acid, . 

0*67 

Clycerin, 

8*16 

Matter united with ferments, 

1*00 

\ 

105*36 


M. Mon oyer has represented Pasteur’s results in the form of the 
following equation : — 

• 4 (Ci 2H240 io) + 6H2O = 2(0^04) + 12(C3H803) + 4CO3 + O2, 

the free oxygen being supposed to serve for the respiration of the yeast 
cells. JVtsteur’s equation is far more complex, and represents no free 
oxygen as produced; yet the fact of fermentation going on briskly in a 
vacuum, us well as other considerations, points to the probable* corroetness 
of Monoyer’s supposition. 

As a secondary product, there is also constantly acetic acid. This is . 
generally considered to originate from the ferment itself. With ethyl- 
alcohol there is also produced, when complex matters are fermented, several 
other homologous alcohols. For example, if potatoes are fermented, on 
distilling off the more volatile portions, and collecting separately the final 

^ The method adopted by M. Paateiir to detect and measure quantitatively the 
glycerin and succinic acid contained in a fermented liquid, was as Ibihtws “ The liquid, 
when the fermentation was over, and all the sugar had disappeared (which required from 
lifteon to twenty days uuder gopd conditions), was iiassea through a filter, accurately 
weighed against another made of the same pa^r. After having bwn dried at 100^, tlie 
dried deposit of the ferment oollect.ed at the bcttmi of the vessel was also weighed. 
The filtered liquid was subieoted to a very slow evapo ration (at the rate of from twelve to 
twenty hours foi* each lialf litre) ; when reduced to 10 or 20 c.o. the evaporation was 
completed in a dry vacuum. The syrup obtuned was next exhausted with a mixture of 
alcohol and ether (1 part alcohol of 80* and 1*5 ^rarts etlier), which extracted completely 
ill the succiu*o acid and glycerin. The ether-alcohol wl.^ distilled in a retort, then 
evaprated in a water-bath, and afterwards in a dry vacuum. To this was added a little 
lime water, to fix the succinic acid, and again the mixture was evaporated, and then tho 
glycerin was separated from the sttcoinate of lime by ether-alcohol, which only dissolved 
out the glycerin. This other-alcohol solution on evaporation, which was finished as 
before in a dry vacuum, left the glycerin in a state fit to bo weighed, and the calcium 
succinate was purified by treatment with idcohol of 80 per cent., which only dissolved out 
the f^otemn matters.”-— on ** Fermentaxion.*' bond., 1876. 

« “ Th?)» de la Faculty de JW4declne de Strasbourg.” 
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distillate, this is found to consist of propyl, butyl, amyl, oaproic, oenanthyl, 
and caprylic alcohols.^ 

§ 288. Yemt . — There are no less than three methods of causing the wort 
of beer to ferment, but none of the three presents any very distinct variety 
of the yeast ferment. The one generally employed in England is what is 
called top fermentation, in which the starch of the malt is changed into 
sugar by successive infusions, and the fermentation takes place at from 15“ 
to 18“. This in breweries is done in large o}>en vats ; the yeast floats on 
the surface, and can be removed by skimming. 

The second method, more in use in Germany, is fermentation by sedi- 
mentary yeast ( UnterUefe). The starch is transfornu’d by decoction, and the 
temperature (12'’ to 14 ’) is much lower than the former. Tlic yeast forms a 
seiliment on the bottom ; and when the first and most activ'^c fermentation is 
over, the clear li(pud is run oft' into proper vessels ; but the yeast not having 
been all deposited, a slow fermentation still goes on for a long time. 

A third method, employed in Belgium, is to leave the wort to itself, 
having first placed it under proper conditions. 

The microscopical appearance of yeast is that of a number of round or 
oval cells, from *00031 to 00035 in. ( 008 to *009 mm.) in their greatest 
diameter. They arc transparent, with one or two vacuoles ; contain often 
a somewhat granular protoplasm, and occur together, united two J^yjtwo ; 
or, if in active growth, in groups, of which seven is a very 'common 
number. These groups are derived from offshoots or buds from a single 
cell, which will bo found somewhere near the middle, and can oc identiliod 
by its greater size. The usual teaching as to the mode of jiropagation has 
been hitherto tliat this growth is ctrected by a true budding ; but accord- 
ing to Dr. de Vaureal, the supposed budding is an optical delusion. He 
considers the utricle of yeast as allied to the sperinogones of Tulasue. The 
nucleolar elements of the cell arc sj)ermatic; and being set free by the 
rupture of the cell-wall, produce new cells. This explanation would at all 
events account for the ready manner in which yeast germs are carried 
about by the air. 

. Schlossberger and many other chemists have determined the chemical 
composition of yeast. Schlossborger gives the mean of two analyses as 
follows [the elementary composition after removal of ash] : — 


Carbon, . 

Surface Yeast. 
49*9 

Sedimentary 

48*0 

Hydrogen, 

6*0 

6*5 

Nitrogen, 

12*1 

,9-8 

Oxygen, . 

81*4 

85*7 

{Ash, ... . 

. . . ' 2*6 

3*6] 


The ultimate principles contained in yeast appear to be, certain 
albuminoid substances, tyrosine, Icucino, [nuclein?], cellulose, and some 
. other hydro-carbons, but the matter is not yet fully worked out. 

The ash of yeast has been analysed by Mitscherlich, and Schutzenberger 
arranges his analyses as follows 

, Surface Yeast. Sediment Yeast 


Phosphoric acid 41 *8 89 *6 

Potash, . ..... 89 '8 28*8 

Soda 

Magnesium Phosphate (MggSPOJ, . 16*8 22*6 

Calcium Phosphate (CoaSPOi), , 2*3 9*7 


^ M. Jeenjean has separated camphyl-alcohol (C,oH,eO) firom the distillate of 
madder. 



§ 289.] ‘ ' FERMENTATIOlf ; PERMENTED LIQUORS. ' 467'^'^ 

The researches of Ergol, Rees, Pasteur, and others have shown that 
there are a great variety of alcoholic ferments ; the wine ferment is distinct 
in size and shape from the bcer-yeast ferment ; while the ferment of fruit- 
juice, again, differs in the figure of its cells from cither ; and to tl>e various 
alcoholic ferments names have been given — e.g.y Saccharomyces ellipmideuHi 
S. (‘xiguvs^ S. cotiglomerafm^ S. apictUattiSf etc. All of tliem, however, are 
of quite the same general type as yeast ferment. 

§ 289. When liquids become sour, ropy, or putrid, in each case the 
change has been produced by a ])articular ferment. The lactic, acid fc/nnenif 
e.g., decomposes sugar into lactic acid ; the hutyric acid ferment attacks 
fatty matters, and separates in a free state butyric acid ; and putrid 
fermmU^ by their avidity for oxygon, split up complex organic matters 
into a variety of substjinccs. Of these ferments, tlie most importmit in 
reference to h(^er is the lactic acid ferment. In normal alcoholic fermenta- 
tion, M. Pasteur has proved that there is not the smallest production of 
lactic acid, and wlieii this does appear, it is certain that it has originated 
in and contaminated the yeast used. These ferments can be recognised by 
the microscope, and they should be looked for generally in the sediment, 
f'or the purpose of (sollecting the sediment of beers, wines, water, etc., the 
^ author (A. AV. Jl) has devised the following tube (fig. 65). The tube is of 



Fig. 66. I'lo. 66, 


the capacity of a litre, and at the lower end ’is conical and open; on to 
this conica^ end is ground a glass cap, C, which is in point of fact a shallow 
cell about en inch in depth ; P is a glass rod, the end of which fits easily 
into the narrow part of the tube, and is ground so as to make a perfect 
joint The use of the tube is as follows The liquid under examination 
is placed in the tube closed by the cap, and the plunger P is removed ; 
when the sediment has all collected in C, the plunger is very slowly and 
carefully inserted, so as to stopper the lower end of the tube ; the cap may 
then be removed for microscopical examination. 



i|!o8 ' ’ FOODS : THKIE COMPOSITION AND ANADYBlS. [| 290.' 

Fig. 66 is a representation, after Pasteur, of the fernionts which char- 
acterise sour or turned beer. 

1. Turnuil lioer— (ilameuts simple or articulated into chains of didurout size ; diameter 

TpLfi inch. 

2. Lactic ferments of beer and wort— small, fine, and contracted in the middle ; diameter 

a little greater than No. 1. 

3. Ferments of puti'id wort and beer — mobile filaments generally, wliich appear at the 

commencement of fermentation when it is slow ; invariably tlie msult of defective 
working. 

4. Ferments of viscous wort and rony beer, rare. 

6. Pungent som* beer with acetic odour— chaidets of Mucoihnm imtL 

6. A wort deposit 

7. Beer of a peculiar aciditj—liaving a det'stable taste and smell, generally found with 

No. 1, but more to bo feared than No. 1. 


Bkrr. 


§ 290. The most accurate definition of beer,^ as brewed in the present 
day, is that of a fermented Haccharine infusion, to which lias been adde<l 
a wholesome bitter. The chief constituents of beer, stouts, and porters, 
are — 

(1.) Water containing in solution (acconiiug to its origin) various salts. Distilled 
water is never used in brewing. 

(2.) Alcohol, ♦; 

(8, ) Carbonic and acetic acids. 

(4.) Malt extract— malt, sugar, dextrin, albuminous constituents, and ash. 

(5.) Bitter principles, occasionally derived solely from the hoj), hut veny commonly 
supplemented by so-called ‘hop substitutes.’ Samples of the latter examined 
by the author all contained ‘quassia,* and portions of the following plants 
were identifictl— calumba, chiretta, gentian, and wonnwood, 

(6. ) The ash derived from tlie water, the malt, and the bitters, 

* To tliece must be added volatile and essential oils, vegetable gelatine, 
glucinic acid derived from the sugars, lactic acid, and, in porters, caramel 
and assamar. 

The general composition of the chief ingredients of beer may he gathered 
from Table XLIII., taken from Mr. Watts’ Dictionary. 

Thp composition of beers, as a whole, varies in some degree according 
to the kind of ale or beer, according to the method of manufacture, and 
according to its ago and preservation. 

Pale Ale s^uld be mode from the finest and highest dried malt and 
the choicest hops, the bitter being in excess. 

Mild .die is a sweet, rather strong beer. Table beer is rarely sold — it is 
a weak watery ale. 

Porter^ as drunk in t!ic metropolis, is a rather weak raalt-liquor, 
coloured and fi|^ured with roasted malt. Stoiti is a richer and stronger 
description g|^rter. 

^ Fi’onv^&e deciziona in Pasliler v. Stevenitt (85 KT., 862), and Webb v. Knight 
(URi 2,;j|jB.D. 580), it is laid down that beer must be “the article ordinarily sold 
under tUit name,” ana that it “ would be to the prejudice of the purchaser to sell him or 
her aaliseT an article not of the nature, suhstanoe, and quality of that ordinai-iiy sold as 
Buol^^hether containing ingredients imurious to health or not” (The Sale of Food and 
Drags Acts, by W. J. Bell, Esq. London, 1886.) 
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The German Beers generally arc fermented by sedimentary yeast, and 
arc always, by reason of the after fermentation {NaehgWvnmg)^ well 
charged with carbon dioxide. The lager, summer, bock, or export beers 
are separated from the winter beers only by the former being brewed from 
a richer wort, and containing more alcohol, as well as a greater percentage 
of malt extract. 

Bavarian Beers in some degree derive their peculiar qualities from 
fermentation at a low temperature. They seldom contain more than two 
per cent, of alcohol, are only slightly bittered, have a fine aroma, and a 
peculiar flavour, said to be due to the solution of a minute fraction of the 
resinous matters used to caulk the casks. 

Lnmhich and Faro Beers are made with uiimalted wheat and barley 
malt. In fermentation the wort is self-impregnated, the process sometimes 
taking months, and being mostly of a bottom character. The beer contains 
a large quantity of lactic acid, and is vci*y hard in consequence. 

Of the constituents of beer, it will be necessary to notice fully the 
water, the malt extract, the bitters, and the ash. 


TABLE XLIll.— SrKciAL Examination of Certain Beers. 


Name of Beer, 

Malt 
Extract 
Per cent 

Alcoliol, 
Per cent 

Carijonio 
Add. 
Per cent. 

Water. 
Per cent. 

Analysed by 

London*' Porter, 15arclay & j 
Porkms, , . . ( 

6*0 

6-4 

0*16 

88*44 

Kaiser. 

Lon<loit Porter, 

6*8 

6*9 


86*3 

Balling. 

„ Berlin, . 

Burt oil Ale, .... 

6*9 

47 

0*37 

89*0 

Ziurek. 

14-5 

B-9 

rtf 

79*6 

IJofrinann. 

Scotch Ale, Edinburgh, ,* 

10-9 

8-6 

0*16 

80*45 ^ 

KaiHer. 

Ale, Berlin, .... 

6-3 

7*6 

0*17 

86*93 

Ziurek. 

Brussels Jjambick, . 

3-4 

f>*6 

0*2 

90*90 

Kaiser. 

,, Earo, .... 
Salvator Bier, Munich, 

2*9 

4-9 

0*2 

92*00 


9-4 

4 '6 

0*18 

85*86 


B(x;k Bier, ,, 

Bavarian Draught Beer (Schenk / 
Bier, Munich), . . ( 

9-2 

4*2 

0*17 

86*49 


5 ’8 

3-8 

014 

90*26 


Bavarian Store Beer (Lager 'j 






Bier, Munich, 18 montha V 

5i) 

5*1 

0*16 

89*76 


old), .... I 






Bavarian Store Beer, Munich, , 

8 '9 

4-3 

016 

91*64 


,, Draught Beer, Bnina- 1 
wick, , j 

5-4 

3*6 

... 

91*1 ! 

Otto. 

Bavarian BeeT( Waldschlbsacbeu), 

4-8 

8*6 


91*5 

Fischer, 

Prague Draught Beer, 

8*9 

2*1 


90*7 

Balling. 

Otto! 

„ Town Beer (Stadt Bier), 
Sweet Beer, Biunswick, . 

10-9 


... 

86*2 

14*0 



84*7 

Josty’ft Beer, Berlin, 

Werder’s Brown Beer, Berlin, . 

2-6 

2*8 

0*6 

94*3 ' 

Ziurek. 

3-1 

2*8 

0*8 

94*2 

J, 

White Bee., Berlin, . 

6-7 

1-9 

C ’6 

91*8 

LeCambro. 

Bi^re Blanche de Louvain, 

8 D 

4*0 


93*0 

Peterman (Louvain), 

4-0 

6*6 

... 

89*6 

t> 


§ 291, The water used by tjie brewer is mainly interesting to the analyst 
on account of the common salt held in solution, ^ since in prosecutions for 
the addition of salt the defence .generally is, that the latter is a natural 
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component of the beer. Thus, Dr. Bottingcr’s analysis of the constituents 
of the water used at Messrs. Allsopp^s brewery is as follows : — 

For Gallon. 


Chloride of sodium, 10 ’12 

Sulphate of ])oLash, 7'iu* 

,, lime, 18 ’96 

,, magnesia, 9*95 

Carbouato of lime, 15 ’61 

,, magnesia, 1*70 

,, ii-on, 0*60 

Silica,- . , 0*79 


65-28 

Messrs. Bass & Co.’s water (according to an old analysis of Cooper) 
coutiiins chlorine equal to a little over 10 grains of common salt per gallon, 
and all published analyses of water used in breweries give quantities of salt 
under 14 grains per gallon. However, since breweries, as a rule, use hard 
spring water, it is quite possible for the water in particular localities to 
oonUiin a much larger percentage of salt than tlio quantity mentioned 
above. 

§ 292. Malt Extract — The constituents of barley and also of malt are 
given in the following table ; but of these it is the ash alone which will 
remain, comparatively speaking, unchanged ; for by the action of mashing 
a very large portion of the dextrin and starch becomes changed into sugar. 


TAHLE XLIV.— Composition op Baiu^rv and Malt. 



Uarloy. 

Malt. 


Air-dried. 

Air-dried. 

Kiln-dried, 

Kiln-dried, 

an>l>er. 

Produce of torrefaction, . 

0-0 

0*0 

7*8 

14 ’0 

Dextrin, 

5*6 

8*0 

6-6 

10*2 

Starch, .... 

67*0 

58*1 

68 -6 

47*6 

Su^r, .... 
Cellulose, 

0*0 

0-.5 

0*7 

0-9 

9-6 

U-4 

10-8 

11-5 

Albumiuons subslanees, . 

12-1 

13*6 

10-4 1 

10*5 

Fatty substances, . 

2*6 

2*2 

2-4 1 

2*6 

Ash, etc 

3*1 

3*2 

2-7 

2*7 

1 ■ 

100*0 

100*0 

100-0 

100*0 


Barley contains dextrin, starch, albuminous substances, and a small 
quantity of fat, together with cellulose, and the ordinary saline constituents 
of seeds. Malt, varying a little in composition according to the heat of the 
final operations of the maltster, differs from barley in containing a small 
quantity of sugar (derived from transformation of a portion of the starch), 
rather more dextrin, and altogether less organic matter, the loss on malting 
being usually represented as — 

Water, 6*00 

Saline matt<r, 0'48 

Organic matter 12*62 


in 100 per cent barley.^ 


19*00 


’ C O’Sullivan {Join'nu Chm, Soe., Jan. 7, 1886) has extracted from barley from *07 
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Valentine and O’Sulliran give the following as the composition of pale 
malt. Each substance has been directly estimated. 


Composition op Palr Mai/j’ 

{At cording to Vfdmiine awl D'Hidlivan). 



( 1 .) 

( 2 .) 

Starch, 

44*16 

45 i 3 


Other carbo-hydrates (of 'which 
60 to 70 per cent, consist of 


fermentable sugars), Inulin 
(?), and a small quantity of 

1 r.. iJ 


other bodies soluble in cold 
water, .... 

Cellular matter, 

Fat, 

Allujiiiiiun.ls— 

{n.) Soluble iu alcohol of 
sppcilic gittvity ‘820, 
aud ill cold water, 

•63 

21 -23 
11-57 
1-65 

*46 

19 -39 
10 '09 
1'96 

( 6 .) Soluble in cold water 
and at 68 % , 

3-23 


3-12 


(fi.) Insoluble in cold w'atcr, 
but soluble at 61 ''* to 70“, 

2*37 


1-36 


{d . ) Insoluble at 68 * to 70% 
but soluble in cold water 
(albmncii proper), 

, (<!,) Insoluble in cold water 
and at 70°, , 

•48 


•37 


6-38 


8-49 


— 

13-t>9 

— 

13-80 

Asli, 

Water, 


2-60 

5 -83 

3 00 *12 


T 02 

7-47 

99*76 


§ 203, TIlb Colouniuj'Matiers of Malt, — The colouring-matter of malt 
has been investigated by 8orby, and examined spectroscopically. The 
colour is of an orange yellow, and may be obtained from the hot water 
extract of malt, after having got rid of as much sugar and gum as possible. 
Ammonia colours it a deeper yellow, so does 50 per cent, sulpliuric acid. 
There is no distinctive spectrum. A special test is to add citric acid to a 
watery or alcoholic solution, and then sodic hypochlorite. The watery 
solution under these circumstances becomes flesh-coloured, turbid, and after 
a time precipitates. The spectrum, nccording to Sorby, is moderately dark 
from D } E to F J G, clearer from there to F | G, then moderately dark 
without estimable narrow bands; but in alcoholic solution, the solution 
remains clear, and there is a well-marked band at the yellow end of the 
green, which is at of Sorby^s scale (that is, between 1) J E to D | E) ; 
if the colour is deeper the band is more evif lent, and goes to D § E. These 
appearances are so characteristic that tl)o colouring of malt in oomi)lex 
mixtures can be discovered by them. In barley the colour does not exist. 

The carbonised or high-dried malt, used to colour porters and dark 
bcei-s, con'ains at least two colouring-matters diftereut from that just 
described. The one is orange-yellow, soluble in water and strong alcohol ; 
it gives no flesh-coloured precipitate with sodic hypochlorite and citric acid, 
nor does it (like the hop colouring-matters) darken by oxidising agents ; it 
is therefore probably a caramel. The other substance may b^e separated 
as follows : — The beer is evaporated to a small bulk, and precipitated by 

to *09 per cent, of raffmoBe. RajQBnose is a sugar G28H^Oio.5Hj,0 ; it is capable of fer* 
mentation, does not reduce oopi*er solution, and has an optical activity [a]/= + 186**3. 





alcohol ; the colour is thrown down, mixed with gum, and by rcdissolving 
and roprecipitating it can ultimately be obtained nearly pure. In atpieous 
solution it gives an orange-brown spectrum, which is very slightly shaded 
from 13 J E, moderately dark to E and J C, after that very dark. 

A sugar, ‘ maltose,* is obtained by the action of malt extract on starch ; 
it has a specific rotatory power of + 15D“. The behaviour of maltose to 
Echliii'i’s solution, and its method of estimation, is described at pp. 129, 
130. It forms a hard, white, crystalline mass, consisting of needles, which 
lose their water in a current of air at 100®. 

§ 294. Beer Bitters, — Beer, bittered by the hop alone, when prcci})i- 
tated by acetate of lead, filtered, and the excess of lead removed by hydric 
sulphide, gives a filtrate destitute of bitter taste ; while, on the contrary, 
if it has a bitter taste, some bitter other than hop has been used. Wliether 
such bitter is an adulteration or not, will depend altogether on the nature 
of the substance added; for since the repeal of the hop duty in 1862, and 
the consequent return of the trade to other bitters, anything harmless in 
the way of a bitter is perfectly legal. If, however, such poisons as picric 
acid, picrotoxin, or colchicine, should be found, there can be no difference 
of opinion as to the course the analyst should pursue. 

With regard to these, picric acid has certainly been discovered, and 
picrotoxin is strongly suspected, but as yet the latter has not been proved 
to be a common adulterant. The so-called discovery of colchicine in beer 
appears to have been throughout a mistake. A sample of beer of unknown 
' origin was found to contain a bitter amorphous substance, soluble in water 
and alcohol, and capable of separation from its acid watery solution by 
^either chloroform or ether. Nitno aoid of 148 dissolved /it with a, fine 
^ radish colohr, and a-mixt&e of nitne and Btdphurio acids turned it rose- 
red. ft. Van Oeldem’^ finds that the body which’ gives these reactions 
originates in the hop, and that the reactions are only produced in the 
presence of gelatin; and further, that a mixture of unadulterated hops 
and gelatin gives all the reactions of coiobioine. This observation is quite 
as important to the toxicologist as to the food analyst.^ 

* § 295. Hops, — Hops are the catkins of the Humulus lupulus^ and consist 
of imbricated scales enclosing the so-called nut. The scales themselves are 
covered with aromatic superficial glands, which are designated ‘yellow 
powder,’ or lupulin. Freed as far as possible from the lupulinic grains, 
the scales consist of astringent matter, chlorophyll, gum, colouring-matter, 
and ash. The lupulin itself, according to Dr. Yves, contains the following 

^ Volatile oil, . 

Tannin, 

m Extractive, . 

Bitter principle, 

Wax, . ' . 

Besin, . 

Lignin, 

L<^, . 

ICO’OO 


4*16 

8*33 

9*16 

10*00 

80*00 

38-33. 

•02 


This analysis does not include the oil of hops, which is a very imjjortant 
J Aivk. Pharni,y 8 , ix., 32. 

^ Phospho-molybdio acid gives a thick yellow precipitate with lupulin. On adding 
ammonia, and placing in a watch-fflass, the precipitate becomes sunounded by a blue 
zone. Golohieiue behaves in a similar vaiy.-^Zeitaehrift fflr anaXyt, Ohmie^ 1880, p, 

106. A- 
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constituent of tlie hop, and may be obtained by distilling the fresh flowers 
or the lupulin. 

The resin and bitter principle of the hop are to the brewer the most 
important constituents, its commercial value being directly dependent on 
them.i According to some analyses made by Mr. Porter, the substances 
capable of solution in ether (viz., the oil, resin, and bitter principle) vary 
in different samples from 8*8 to a little over 17 per cent.® 

LupulitCf (>r true Lupulin (a substance isolated by Lermer in 1863), 
can be obtained in rhombic prisms by treating fresh hops with four times 
their weight of ether, distilling the ether off, then adding to the extract 
alcohol of 90 per cent, (which leaves the wax undissolved), and again 
taking up the alcoholic extract with ether. The ethereal solution is 
repeatedly shaken with strong potash-lye to get rid of the resin, and lastly 
with pure water to take up the bitter matter. It is precipitated from the 
aqueous solution by sulphate of copper, the composition of the precipitate 
being CjgHggCuO^; and crystals are obtained by dissolving the precipitate 
in ether, decomposing with SHg, and evaporating the ethereal filtrate in a 
stretim of carbonic acid gas. 

A principle very bitter, but not crystalline, can also be obtained by 
adding to the aqueous extract of the lupulin grains a little lime, and then 
treatijig with alcohol The solution is to be evaporated, the mass treated 
‘"Tath water, and the solution again evaporated to dryness. On washing 
this residue with ether, a white uncrystallisable, bitter principle— soluble 
in 20 parts of water, very soluble in alcohol, and but slightly so in other — 
is obtaiu^d j it is probably a derivative of Lermer’s lupulite. 

Zier/wVa Lupulite crystallises in glittering, rhombic, britUe prisms, 
in t^taiemBelves, but with a very bitter &rour, and en^a^d reset 
when dissolved in alcohol. They are insoluble in water, dissolve e^y 
In alcohol, ether, chloroform, bisulphide of carbon, ben3!ole,4nd turpentine ; 
ex]) 08 ed to the air, they soon become yellow and partly amorphous. 

Bungener* has extracted, by means of light peti'oloum,. a substance 
fanning colourless, prismatic crystals, melting at 92'’-93“, insoluble in 
water, and having the composition of ; he has nam^ it lupulic 

acid. On treating the ethereal solution with an aqueous solution of copper 
acetate, there is a green crystalline precipitate of copper lupulate, 


> Choline, (Cll 3 ) 8 GjH 40 H,N, 0 H, has Wn discovered in hops, and has also been 
separated from beer, by Peter Griess and G. H. Harrow (Jintm. Glum, Soc., No. <^lu.. 
May 1 886, ’iPS). The method used was to preuipitate the concentrated extract widinw 
with hydiwliloric acid, by a sufficient quantity of a solution of iodine in liydiiodio^ acid. 
The choline prriodide thus obtained is transformed into the very soluble choline iodide 
by boiling with water and filtering. I’he filtered liquid is next treated with silver oxide, 
and the solution is filtered and evaporated. To pui’ffy it'fiirthor, it should be ooperted 
into the aurichloride, this latter compound decoin]K).sed by SHg, and decomposing the 
choline chloride by silver oxide. The base freed fv*.z« water by evaporation forms a thiok 
alkaline syrup, which solidifies in the desiccator to an extremely hygroscopic, friable, 
crystalline mass ; it quickly absorbs carbonic anhydride, has a caustic and somewhat 
bitter teste, ip quite odourless, and is decomposed at a high temiwrature with foi^tion 
of trimethvlamine, Choline chloride is also extremdy deliquescent, and yields a 
characteristic platino-ohloride, almost insoluble in alcohol, but very soluble even in cold 
water, oiystallising out in fine orange tables. The chloride is also precipitated oy gold 
chloride, the precipitate is yellow, easily soluble in boiling water and dcohol and 
crystallising fram these liquids in small needles or prisms ; the formula for the gold salt, 
is (CH 3 )«C! 2 H 40 UNCUuCfs-it therefore contains 44*48 Pf oent. of gold. 

a “On the Examination of Hops,” by W. E. Porter, F.O,S. August, 1877 ; 

January, 1878* 

» Ml. Son. Ohim., xlv., 487-498, 
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^fto^tisOgCu. Lupiilic acid reduces ammoniacal silver solutions, and is 
oxidised by exposure to the air to a bitter resin soluble in water. 
Williamson found in hops a narcotic alkaloid (hopeine) very similar in its 
effects to morphine ; but his research has not been confirmed. 

M. Issleib has made an examination of the bitter principles of 
the hop. His method of separation was to extract with cold water, 
and then to treat the cold extract with animal charcoal, exhausting 
the latter after drying with 90 per cent, alcohol. This gave a yellow 
solution, from wliich a brown resin was precipitated on concentration, 
leaving in solution the bitter principle and another substance (C). The 
bitter may be removed by ether, and is pale yellow, . amorphous, non- 
nitrogenous, and slightly acid, and is dissolved by alkalies with the 
production of a fine yellow colour. He ascribes to it the composition of 
C.2t,H4gOjQ, and states that it splits up under the inlluence of sulphuric 
acid, thus — 

Bitter Principle. Liipuliretin. Lupullc Acid. 

20.29 11 + 3II.2O = CioH „}04 -f 

The resin has the compo.sition of Ci„H240^|, and is presumed to bo 
formed by the oxidation of oil of hops ; lastly, the substance C is conside** 
to be an oxidation product of the oil of hops, and has the composition v ^ 
CjoHjgOg.^ It is probable that those substances are Bungeuer’s lupulic 
acid. 

Oil of HopSj according to the researches of Wagner, consists chiefly of 
an oxygen-holding oil, CioHjgO, containing in solution a campboV boiling 
at 175". According to Chapman, tlie oil, by distillation in a vacuum, may 
be separated into three portions : (1) A mixture of two unsaturated 
hydrocarbons, boiling-point IfiT-lTr; (2) a small fraction similar to 
gerauiolj (3) the chief fraction a sesquiterpene named “Humulin,” 
boiling-point 250"-255“, specific gravity at 15" 0*9001. 

The crude oil is brownish-yellow, and very sparingly soluble in water, 
one part requiring more than 600 times its weight for complete solution. 
ItMocs not contain sulphur, as previously asserted by Paycn and Chevallier, 
nor does it reduce ammoniacal solution of silver. Oxidation by nitric acid 
produces valerianic acid and a yellow acid resin; if dropped on melted 
caustic potash, valerianate, carbonate of potash, and a hydrocarbon are 
the results. The oil appears to be neither narcotic nor poisonous, twenty 
drops having had no action whatever on a kitten {W, Kiel), but the 
wonderful preservative properties ascribed to it by older writers are very 
problematical. 

The ash of the hop diners but little from the ashes of foliar organs 
generally. The nitrogenous principle In hops is partly composed of 
aaparagin up to 30 per cent. (See Table, XLV.) 

A few other bitter principles, some of which have actually been found, 
and the remainder are supposed to exist, may be now conveniently 
described. (For Picrotoom and ColcUiciite the reader is referred to the 
work on ‘Poisons,' by A. Wynter Blyth.) 

§ 296. Ahdnthin, C40H28O8HO. — The bitter principle of wormwo^, 
Artemma ahdntkiim. It may be extracted from the hot aqueous extract 
of wormwood by precipitation with tannic acid, evaporating the tannate to 

’ Arch. Pkarm. [8], %xl, 346-868 ; Jowm. Chm» 80 c., March, 1881. 



BEER. 


4*5 


§§ 297 , 298 .] 


dr 3 ^nea 8 with oxide of lead, and extracting the dried residue by alcohol, and 
subsociueiit purification with animal charcoal. Absinthin dissolves easily 
in alcohol and ether, with difficulty in hot water, and is scarcely soluble in 
cold. When obtained from alcoholic solution it is usually in the forru of 
pale-yellow drops, which gradually become crystalline; it has a peculiar 
odour and extremely bitter taste, and its reaction is neutral. It reduces 
a hot ammoniacal solution of silver nitrate, but an alkaline tartrate of 
copper solution remains unchanged by it. It is dissolved by caustic potash 
with the production of a brown colour. Concentrated sulphuric acid 
jiroduces first a brown colour, passing into a green-blue ; as water is added, 
the colour becomes darker, until grey flocculont particles are separated. 
Boiling with dilute acids produces resinous products, but no sugar. 


TABLE XLV.— ConsTiTUENTs of the Ash of Hop Cones. 



Way and Oobton. 

E. WATTS. 


Bentley 

Variety. 

OoldiufJt 

Variety. 

Orapo 

Variety. 

Grape 

Variety. 

.J’oUsh, .... 



Linv.e, 

Ma^iesia, .... 
Alumina, .... 
Ferric oxide, 
fi^llphnnc acid, . 

Chlorine, .... 

Silica, 

Carbonic acid, 

Pliosphorie aciil, . 

Chloride of pobissiuni. . 

„ Hodium, 

Charcoal and loss, 

n*98 

17-93 

5*94 

1-86 

7*01 

22*97 

6*44 

21*88 

5-46 

24-88 

2l'*69 

4-69 

1-75 

7*27 

19*71 

2*17 

14*47 

3-42 

26-66 

18-47 

5-27 

1*41 

11-68 

9*99 

4-54 

17-58 

4-34 

0*12 

19*41 

0-70 

14*16 

6*34 

1*18 

2-71 

8-28 

2-26 

17-88 

11*01 

14*84 

Jdf* 

2*44 


99*96 

99-95 

98*96 

100*00 

Asli i»er cent, of dry liops, . 

„ „ fresh „ 

8*07 

7*27 

5- 96 

6- 22 

7*21 

6-22 

6*6 


The bitter principle, according to some observers, is a direct cerebral 
excitant; according to othei-s, a pure tonic. It is used occasionally in 
medicine, in doses from i grain to 2 grains, and the herb producing it is 
officinal in the Continental pharnmeopmias. v n u n /i? 

§ 297. (Tilden), (Stbnhousb), (E. 

Schmidt) — may be obtained by treating aloes with dilute sulphuric acid,, 
removing the deposit of resin, and evaporating to a syrup. The crystals 
thus obtained are yellow needles, soluble in water and alcohol, and possess- 
iiiff a bittei taste. The amount of crystallisatio;! water vanes from 5*89 
to 14*29 per cent. ; if anhydrous, the melting point of the crystals is from 
70“ to 80^ ri46“ to 148“ F.l; if hydrous, sulphuric acid colours it first red, 
then orange, and it is dissolved by caustic potash with the production of 
a purple-red colour. The action of nitric acid produces chrysammic, picric, 
and oxalic acids, with the addition of carbonic anhydride ; that of zmo 
dust, methylanthraoene and anthraquinone. . v i e 

§ 298. Cnicin, was discovered by Nativelle m the leaves of 
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the Cuicus hmadicfus \ it is found also in the Gentaurea calcitmpa^ and in 
other composite plants. It forms transparent silky crystals, neutral, with- 
out smell, of very bitter taste, melting at a high temperature, but not 
subliming. Its solution turns the plane of polarisation to tlie right [a] r 
= It is scarcely soluble in cold water, more so in boiling, soluble 

in all proportions in alcohol and wood spirit, almost insoluble in other. 
(>old 8ul})hnrio acid gives with cnicin a red solution, becoming violet on 
the addition of water, and yellow on the addition of ammonia. Cold 
concentrated hydrochloric acid dissolves it with the production of a green 
colour ; on heating, brown drops separate, which solidify into a yellow 
resin. 

§ 299. Ditphnin^ CigHjjjOjj-fSHoO, a crystalline principle discovered by 
Vauquelin, 1817, in the bark of the Daphne alpina, L., and D. meze^'PMW., 

L. It forms long rectangular prisms, or fine needles, and ciystallises with 
two attmis of water. Its reaction is neutral, its taste bitter. When 
anhydrous it tuelts at about 200“ to a colourless (luid, whicli again becomes 
crystalline on cooling j if the heat is continued, it sublimes as 3 : 4 dioxy- 
cumarin (daphnetin). Tliis substance presents itself in fine, colourless, 
rhombic prisms, melting at 265“ ; it has a bitter taste, with a weak acid 
reaction, and is easily soluble in boiling water, with the production of }« „ 
3 'ollow colour ; it dissolves also in boiling alcohol, but is very little solp^’ 
in ether, - 3,3 

llaphniu dissolves slightly in cold water, easily in hot ; it is also very 
soluble in hot alcohol, bub is not dissolved at all by ether. In sohitions of 
the caustic and the carbonated alkalies it dissolves with the proiluction of 
a yellow colour, and is also easily soluble in acetic acid. On boding with 
a dilute acid, daphuin breaks up into daphnetin and sugar, and emnlsin 
and hirmentation with yeast have a similar effect. An aqueous solution of 
chloride of iron produces, when cold, a blue colour, and if the liquid is 
boiled, a dark yellow precipitate. Js'itric acid colours it red. 

§ 300. Gentlanm^ discovered by Henry sind (vaventou in 1821, 

blit first pre^iared pure by TrommsdorfF, is found, like gentiopicrin, in the root 
of the Gentiana lutea^ L. It forms long, pale yellow, silky needles, without 
smell or taste, which may be sublimed above 300“ without decomposition. 

Its solubility, according to Leconte, is as follows : — 1 part requires of cold 
water 5000 parts, of boiling 3850 parts ; of cold absolute alcohol 455 parts, 
of boiling 62 ’6 parts ; of cold other 2000 parts, for solution. Concentrated 
sulphuric acid dissolves it with a yellow colour ; on dilution with water it 
separates unchanged ; ou being boiled with dilute sulphuric acid there is 
no change. If treated with pure nitric acid (1*43 specific gravity) a dark- 
green solution is obtained, and on adding water carefully dinitro geutianin, 
Ci 4 Hg(N 02 )ij 05 -f H.jO separates out as a green powder. If similarly treated 
with strong nitric acid, and subsequent addition of water to the solution, 
yellow microscopical prisms arc separated, probably trinitro-gentianin. 
Geutianin reduces nitrate of silver. 

§ 301. GentiopimUf CjoIIaj^Oig, first prepared pure by Kromayer in 
1862, is a gluooside found in the fresh root of the Gentiana Irdea, crystal- 
lising in cmourless needles, with one molecule of water of crystallisation. 
The crystals efifioresoe in the air, and lose their transparency, becoming 
white and opaque. The anhydnms crystals melt between 120“ and 126“ to 
a bro>^ fluid, which coagulates amorffiiously, and at higher temperatures 
is fully destroyed. Water dissolves, it easily, but it is insoluble in absolute 
aloobol and in ether, though, oh the other hand, weak alcohol is au excellent 
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solvent for it. One of the best tests for its presence is the action of con- 
centrated sulphuric acid, giving in the cold a colourless solution, but 
producing with slight warming a carmine-red colour, and preci]>itating on 
the addition of water in grey flocks. It reduces an ainiiioniacal solution of 
silver nitrate, and on lx)iliiig with dilute sulphuric acid splits up into sugar 
and gentiogenin. 

Gentiogenin, is an amorphous, yellow-brown powder, of neutral 

reaction and bitter taste, not easily soluble in cold water, but dissolving 
readily in alcohol and ether. 

§ 302. Menyanthin, CgoH 4 (i 04 , a glucoside obtained pure by Ludwig and 
Kroinayer in 1861 from the Mmyantim trifoliata, L. As hitherto 
prepared, menyanthin is an amorphous, tcrebinthinato mass, becoming 
slowly solid on drying over sulphuric acid. It has a neutral reaction, 
and its taste is strongly and purely bitter. It softens at 60“ to 65“, and 
melts at 100“ to 115" to a thin, clear fluid, which again solidifies to a hard 
trans])arent mass ; by stronger heating it is entirely destroyed. Concen- 
ti'ated sulphuric acid gives with it a yellow-brown colour, winch on standing 
becomes violet-red, and grey flocks are separated on the addition of water. 
py heating with dilute sulphuric acid it splits up into sugar and 
^'onyanthol. 

ire^fMenyanihol is an oil having an acid reaction, and an odour like that of 
'■t of almOyids ; it is changed by the air (as well as by melting with potash) 
into a crystalline acid capable of being sublimed. 

§ 303. Quassnn, CnjlI^gOjj, a bitter principle, discovered in 1835 by 
Winokler, in the bark of the Quosaia amara^ L., and Plcmia exceUa, L. It 
forms white, opaque, glittering crystals, without odour, and of extremely 
bitter taste. On heating, it melts and solidifies as a transparent yellow 
mass ; at decomposition temperatures it burns like rosin, if exposed to the 
air. Tannic acid precipitates it from an alcoholic solution in thick, white 
flocks ; cold concentrated sulphuric acid dissolves it, without th<i production 
of colour; and on dilution with water it is apparently precipitated without 
cliange. 

§ 304, The Ash of Beer . — The ash of beer contains the mineral con- 
stituents tliat previously existed partly in the water, partly in the hop, and 
partly in the malt used. It would appear that the ferric oxide, a certain 
proportion of phosphoric acid, a small portion of the lime and magnesia, 
with a great part of the silica, remain undissolved, and do not puss into 
the beer ; the rest are dissolved. 

The following table gives the average composition of the beer ash of 
commerce : — 


Benr Ash. 

Potash, »7*22 

Soda, 8*04 

Lime, . 1 '98 

Magnesia, 6 ‘51 

Iron oxide, traces 

Sulphuric acid, . ^ 1*44 

Phosphoric acid, 82*09 

Chlorine 2*91 

Silica, . . : 10*82 


Table XLVL may ^ also useful, showing analyses of ash by Wal« and 
Dickson (“ Dictionary *of Chemistry, Arts, and Manufacturesi,” edited by 
Vincentb 
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g 305. Analysis of Beer , — The ordinary full analysis of beer determines — 
(1.) The alcohol. 

(2.j The carbonic acid. 

(3.) The volatile and fixed acids. 

(4.) I’ho percentage of malt extract, and, if necessary, its composition, 
(5.) The hop resin and glycerin. 

(6.) The nature of the bitter used. 

(7.) The general composition of the ash, and csjiecially the amount of 
chlorine, 

(1.) The alcohol is found most accurately by the distillation process 
described at p. 387, but it is often determined in the following manner : — 
Shake up the beer in a flask, so as to deprive it of as much carbonic acid 


TABLE XLVI.— Asu of Biceiih. 



1 

Lotidoii 

llocr. 

Hcer. 

Speyer 

JJecr. 

1 

Ale, 

14 Samples. 

to 

Ill 

! Dublin 
Fort or, 
a Samitlea. 

Londijii 
Pijrter, 
fi Samples. 

Potash, . . 

3H‘:36 

36T)8 

37*68 

3*2-29*8 

18 *9 -20 -9 

21-4-32-0 

4!> - f:,'. 

Soda, . . . 

7-68 

9*83 

6*60 

20-9-38*6 

33 8-38*8 

24-0-42-7 

21-8 < 

binu*, . . 

2*45 

1-48 

2*98 

0*2- 2*0 

1*3- 1-6 

0-8- 1-5 



8-78 

6*64 

4*66 

0*1- 6*6 

i 0-2- 1-4 

0-2- ^-2 

0-1 - 1-2^ 

3ul])huric 1 
acid, . j 

1-36 

1*68 

2*56 

1-6-19*2 

2-2- 6-4 

2-8-10-1 

1-6 -12-2 

Ohloriiie, . 

2-75 

3*14 

2*14 

4*3-18*25 

7-4-11*4 

6-9-16-1 

6-6 -14-5 

Silica, . . 

9'87 

9*96 

10-29 

4*6-19*1 

13 3-18-6 

6-9-19-7® 

8-26-19-7 

Phosphoric ) 
acid, . t 

38*76 

31*69 

33*19 

6*0-26*7 

12-2-18-8 

7-9-20 0 

9*3 -20*6 

1 100 00 

loo-oo 

100 00 

i 




as possible, then take the 8[)ecific gravity at Ib^'S, and boil a third of the 
beer away in an ojien beaker. Make up the boiled beer to exactly the 
original quality again, take the s 2 )eoific gravity, and calculate as described 
at p. 387. 

(2 ) The carbonic acid which the beer holds dissolved is most readily 
estimated by placing 100 c.c. (or any convenient quantity) in a flask in 
connection with a mercury pump; collecting the giiscs, and estimating the 
carbon dioxide in the usual way by absorbing it by caustic potash, and 
measuring the volume of gas before and after absorption. Another method 
is as follows : — A flask provided with a caoutchouc stopper, and carrying a 
tube twice bent at right angles, is connected with a smaller flask, containing 
strong ammonia water free from COg into which the tube dips. This 
second flask must also carry a caoutchouc stopper, which should be doubly 
perforated, the one hole for the tube already mentioned, the other provided 
with a short, wide tube, jmeked with glass wool moistened with' ammonia 
water. The beer must first be gently warmed and ultimately boiled, when 
the wliole of the carbonic acid is absorbed by the ammonia. A sufficient 
quantity of' a solution of calcium chloride is now added, the liquid boiled 
until all free ammonia is expelled, and the calcium carbonate thrown on a 
filter and washed. Lastly, the washed calcium carbonate is dissolved in 
either standard or decinonnal acid, according to the quantity, a little cochi- 
neal solution is added, and the acid titrated back 2 c.c. of decinonnal 



acid equal 10 mgrms. of carbonate of lime, or 4*4 mgrms. of COg. This 
simple process is applicable to all liquids from which carbonic anhydride 
can be expelled by boiling. 

(3.) Volatile and Fixed acetic acid is obtained by distilling 

the beer nearly to dryness, and estimating the acidity of the distillate by 
decinormal solution of soda. Should the residue in the flask or retort be 
still acid, a little water should be added, and the distillation again continued 
to dryness ; any acid now remaining is certain to be a fixed acid, probably 
lactic. It may be estimated by titration, and returned as lactic. The 
equivalent of anhydrous lactic acid is 90; hence 1 c.c. of d. n. soda = 9 
ragrm« ^f lactic acid. Should it be specially necessary to determine the 
percel ^ ‘^^^^ient iiuantity of beer— say 300 c.c.— is 

taker ^ '‘d to a small bulk, diluted with water, filtered, and mixed 

with' 'uiric acid ; imre carbonate of baryta is now added, and 

tiie wi : -^on the water-bath for some time. The liquid is then 

freed from . ^ >!:;!cipitate of sulphate of baryta by filtration, and the pre- 
cipitate well washed with hot water. This filtrate is ovapejrated to a syrup, 
and treated, when cold, in a tube or separating-funnel with a mixture of 
one part of sulphuric acid, one of water, one of alcohol, and ten of ether j 
l|o ethereal layer is sejwirated in the usual way, and evaporated. The 
ir^c acid thus obtained is still impure, and it is best to dissolve in water, 
-i-iturate ifvith freshly-precipitated carbonate of zinc, and estimate as zinc 
lactate, tlic latter containing 54*49 per cent, of anhydrous lactic acid. In 
most cases, however, the error will not be great, if the total acidity of the 
beer is taken directly without distillation, and returned as acetic acid. 

(4.) r/tc Malt Fxtraet—lhe extract of beer can be determined by 
evaporating down a carefully measured quantity, and weighing the 
residue. In order to do this with any approach to accuracy, the smallest 
possible quantity should bo taken— 5 c.c. or 5 grms. is quite sufficient. 
This small quantity, spread out as a thin film on the bottom -qf a tolerably 
capacious platinum dish, can be thoroughly dried over the water-bath m 
two or three hours, while if such quantities as 25 c.c., 50 c.c., or 100 c.c. 
are taken, to get the extract completely dry is very tedious, and usually 
requires a higher temperature than 100“. It is, however, found in practice 
much more convenient to dispense with this drying altogether, the alcohol 
and carbonic acid being driven off, as before described, the beer made up to 
its first bulk, the specific gravity taken, and the amount of malt extract 
determined by the aid of the following tables. If the beer has been distill^, 
the residue in the retort or flask can be made up to the original bulk, 
brought to the proper temperature, and treated as just described. 

The alcoholic strength, the acetic acid, and the amount of malt extract 
being known, the analyst can now give a fairly approximate e^Aiimte of 
the amount of malt originally used in the brewing of the beer. To do tins 
it is necessary to calculate the ‘ original gravity ^ of the beer. The specinc 
aravity of the alcoholic distillate (or, if an indirect process has been used, 
the specific gravity of the alcoholic strength) subtracted from 1000, gives 
a number called the ‘spirit indication.’ The degrees of gravity lost are 
then ascertained by the aid of the following tables, using the first if the 
beer has been distilled, and’ the second if the evaporating process has been 
used The degrees of gravity thus found are added to the specific gravity 
of the boiled beer, and the number thus obtained is called ‘the original 
gravity of the wort.’ On reference to Table XLVII., the amount of malt 
extract is determined, which corresponds to this original gravity. 





1,0057 

1,425 

68 

450 

59 

476 

1,0060 

600 

61 

526 

62 

550 

63 

575 

64 

600 

66 

625 

66 

650 

67 

675 

68 

700 

69 

726 

1,0070 

750 

71 

776 

72 

800 

73 

826 

74 

850 

75 

875 

76 

900 

77 

926 

78 

960 

79 

976 

1,0080 

2,000 

81 

025 

82 

050 

83 

075 

84 

100 

85 

125 

86 

150 

87 

175 

88 

200 

89 

225 

1,0090 

250 

91 

276 

92 

300 

93 

325 

94 

360 

96 

375 

96 

400 

97 

425 

98 

460 

99 

476 

1,0100 

500 

101 

625 

102 

650 

103 

676 

104 

600 

105 

625 

106 

660 

107 

676 

108 

700 

109 

726 

1,0110 

760 

111 

775 

112 

800 

113 

826 



167 

176 

168 

200 

169 

226 

1,0170 

260 

















TABLE XLVII. — eontinued* 


Specific 

Gravity. 

Malt 
Kttraot. 
Per cent. 

Specific 

Gravity. 

Afalt 
Extract. 
Per cent. 

Bpeclflo 

Gravity. 

Malt 
Extract. 
Per coat 

Specifle 

Gravity. 

Malt 
Extract. 
Per cent. 

1,0228 

6,700 

1,0286 

7,122 

1,0344 

8,536 

1,0402 

9,960 

229 

726 

287 

146 

346 

560 

403 

975 

1,0230 

750 

288 

170 

346 

584 

404 

10,000 

231 

776 

289 

195 



. 405 

'023 

2S2 

800 

1,0290 

219 

348 

633 

406 

047 

233 

825 

291 

244 

349 

657 

407 

071 

234 

850 

292 

268 

1,0350 

681 

408 

095 

'l235 

875 

293 

292 

361 

706 

409 

119 


900 

294 

316 

852 

731 

■juTTCB 

142 


925 

296 

341 

353 

756 

411 

166 

( 

960 

296 

865 

854 

780 

412 



976 

297 

389 

356 

804 

413 

214 

40 

6,000 

298 

413 

366 

028 

414 

238 

241 

024 

299 

438 

857 

853 

415 

261 

242 

048 

1,0300 

463 

368 

877 

416 

286 

243 

073 

301 

488 

359 

901 

417 

309 

244 

097 

302 

512 

»niKmf 

925 

418 

833 

245 

122 

303 

636 

361 

950 

419 

367 

bre>„ 

146 

804 

660 

862 

975 

1,0420 

381 

^ S?* 

170 

305 

584 

863 

9.000 

421 

404 

^ 248 

. 195 

306 

609 

864 


422 

428 

249 

219 

307 

633 

865 

048 

423 

452 

1,0250 

244 

808 

657 

366 

073 

424 

476 

251 

268 

309 

681 

367 


425 


252, 

292 

1,0310 

706 

368 

122 

426 


253 

316 

811 

781 

369 


427 

647 

254 

341 

312 

766 

mwmm 


428 

671 

255 

865 

313 

780 

371 

195 

429 

595 

250 

389 

314 

804 

872 

219 

1,0430 

619 

257 

413 

815 

828 

873 

244 



258 

438 

816 

868 

374 

268 

432 

666 

259 

463 

817 

877 

876 

292 

483 

690 

1,0260 

488 

818 

901 

876 

316 

484 

714 

1 261 

512 

819 

925 

877 

841 

435 

738 

! 262 

536 

mwmm 

950 

878 

865 

436 

761 

268 

560 

821 

976 

879 

889 

487 

786 

264 

584 

822 

8,000 


413 

438 

809 

265 

609 

823 

024 

881 

488 

439 

833 

266 

633 

824 

048 

382 

468 

■ItirtiM 

867 

267 

667 

826 

078 

888 

488 

441 

881 

268 

681 

826 

097 

884 

512 

442 


269 

706 

827 

122 

886 

586 

448 

B 9 

1,0270 

781 

828 

146 

886 

560 

444 

952 

271 

766 

829 

170 

887 

584 

445 

976 

272 

780 

1,0330 

195 

888 

609 

446 

11,000 

273 

804 

881 

219 

889 

638 

447 

023 

274 

828 

882 

244 


657 

448 

047 

275 

853 

388 

260 

891 

681 

449 

071 

276 

877 

884 

292 

892, 

706 

Doim 

095 

277 

- 901 

885 

316 

898^ 

781 

461' 

119 

278 

925 

886 

841 

894 

756 

452 

142 

279 

950 

837 

865 

895 

780 

458 

166 

1,0280 

975 

888 

889 

896 

804 

454 

190 

281 

7,000 

889 


897 

828 

455 

214 

282 

024 

1,0840 


898 

863 

456 

288 

288 

048 

841 


899 

877 

457 

261 

284 

078 

842 




458 

285 

285 

097 

848 


401 

926 1 

469 

809 


28 
















pa " fOODS: ratrfR COMPOSITION AND ANALYSIS." [§ 805 . 


TAMLE XLVlI.-ro/i/;HiOT/. 


Siieciflc 

Gravity. 

Malt 
Extract. 
Per cent. 

Specitlc 

Gravity. 

Malt 
Extract. 
Per cent. 

Hpecilic 

Gravity. 

Malt 
Extract. 
Per cent. 

Rpeciflo 

Gravity. 

Malt 
Extract. 
Per cent. 

1,0460 

11,333 

1,0518 

12,714 

1,0576 

14,095 

1,0684 

15,464 

461 

357 

519 

738 

677 

119 

635 

488 

46‘2 

381 

1,0520 

761 

678 

142 

636 

511 

463 

404 

62] 

785 

679 

166 

637 

534 

464 

428 

622 

809 

1,0580 

190 

638 

657 

465 

452 

523 

833 

581 

214 

639 

581 

466 

476 

524 

857 

582 

238 

1,0640 

604 

467 

500 

626 

881 

583 

261 

641 

627 

468 

523 

626 

904 

584 

285 

642 

65(i 

469 

547 

527 

928 

585 

309 

643 

674 

1,0470 

571 

528 

952 

586 

333 

644 

697 

471 

595 

529 

976 

587 

357 

646 

721 

472 

619 

1,0530 

13,000 

588 

381 

646 

744 

473 

642 

531 

023 

589 

404 

647 

767 

474 

666 

532 

047 

1,0590 

428 

648 

790 

475 

690 

533 

071 

591 

452 

649 

814 

476 

714 

534 

095 

592 

476 

1,0650 

837 

477 

738 

635 

119 

593 

500 

651 

86Q.a'’^', 

478 

761 

536 

142 

594 

523 

652 

880 Vv 

479 

785 

537 

166 

696 

547 

653 


1,0480 

809 

538 

190 

596 

571 

654, 

930 

481 

833 

'539 

214 

697 

595 

655 

953 

482 

857 

1 0640 

238 

598 

619 

656 

976 

483 

881 

641 

261 

599 

642 

667 

16,000 

484 

904 

542 

285 

1,0600 

666 

658 ( 

0'J3 

485 

928 

643 

309 

001 

690 

659 

046 

486 

9.V2 

544 

333 

602 

714 

1,0660 

070 

487 

986 

545 

357 

603 

738 

661 

098 

488 

12,000 

546 

381 

604 

761 

662 

116 

489 

023 

547 

406 

605 

785 

663 

139 

1,0490 

047 

548 

428 

606 

809 

664 

162 

491 

071 

549 

452 

607 

833 

665 

186 

492 

095 

1,0550 

476 

608 

867 

666 

209 

493 

119 

651 

500 

609 

881 

667 

282 

. 494 

142 

552 

628 

1,0610 

904 

668 

256 

1 ffl 




611 

928 



K 1 

190 

554 


612 

962 

1,0670 


K 1 

214 

655 


613 

976 

671 


■ 1 


556 


614 

1.5,000 

672 


Hi 


657 


615 

023 

673 


1,0500 . 

285 

558 


616 

046 

674 


501 

HI 

559 


617 

070 

676 


602 

BIf 

1,0560 

RSI 

618 

093 

^ 676 

441 

603 

Kil 

561 

788 

619 ^ 

116 

677 

464 

504 

381 

562 

761 

1,0620 

189 

678 

488 

505 

404 



621 

162 

679 

611 

506 

428 



622 

186 


584 

507 

452 

B 1 


623 

209 

681 

567 

508 

476 

B i 


624 

232 

682 

581 

509 

600 

667 

881 

625 

265 

688 

604 

inMfil 

623 

568 


626 

278 

684 


511 

647 

569 

928 

627 

802 

685 



671 

mwmm 

952 

628 

825 

686 

674 

513 

695 

571 

976 

629 

848 

887 

697 

514 

619 

572 

14,000 

1,0630 

371 

688 

721 

615 

642 

678 

023 

631 

395 

689 

744 

616 

666 

674 

047 

632 

418 


767 

617 

690 

m 

071 

688 

441 

691 

790 











BEm' 


TA BLE XLVII. —continued. 


Speciflo 

Gravity. 

Malt 
Kxtract. 
Per cent, 

Specific 

Gravity. 

Mait 
Extract. 
Per cent. 

SpeciAc 

Gravity. 

Mnlt 
Extract. 
Per cent. 

Specific 

Gravity. 

Mnlt 
Extract, 
Per cent. 

1,0692 

16,814 

1,0700 

17,000 

1,0707 

17,168 

1,0714 

17,318 

693 

837 

701 

022 

708 

181 

716 

340 

694 

860 

702 

045 

709 

204 

716 

363 

695 

883 

703 

067 

1,0710 

227 

717 

386 

696 

907 

704 

090 

711 

260 

718 

409 

\ 697 

930 

706 

113 

712 

272 

719 

431 

] 698 

953 

976 

706 

136 

713 

295 

1,0720 

17,464 


TABLE. XL VIll. — Foil Usk if the Distillatios Pkookbh has «ken Used. 


Degrees of 
Spirit 
Indication . 

•0 

■1 

•2 

•3 

*4 

*6 

•6 

•7 

*8 

‘9 

0 

0-0 

0'3 

0-6 

0*9 

1*2 

1*6 

1*8 

2*1 

2*4 

27 


3*0 

3-3 

3-7 

4*1 

4*4 

4*8 

6*1 

6*5 

6*9 

6*2 

2^ 

6‘6 

7*0 

7*4 

7*8 

8*2 

8*6 

9*0 

9*4 

9*8 

10-2 

3 

10*7 

111 

11*6 

12*0 

12*4 

12*9 

]3'3 

13*8 

U ‘2 

147 

4 . , 

16-1 

16 *5 

16*0 

16*4 

16‘8 

17*3 

17*7 

18*2 

18*6 

19*1 

5 

19*6 

19-9 

20*4 

20 9 

21*3 

21*8 

22*2 

227 

23*1 

23-6 

6 

24-1 

24*6 

25-0 

25*6 

26-0 

26*4 

26*9 

27*4 

27*8 

28*3 

7 ^ 

'28*8 

29-2 

29*7 

30*2 

30*7 

81-2 

317 

32*2 

327 

33*2 

8 

33-7 

84 *3 

34-8 

35*4 

36*9 

36*6 

37*0 

37*6 

88*0 

38*6 

9 

39-1 

39*7 

40*2 

40*7 

41*2 

41*7 

42-2 

427 

48*2 

437 

10 

44*2 

44-7 

45*1 

46*6 

46*0 

46-5 

47*0 

47*6 

48*0 

48*5 

n 

49 ‘0 

49-6 

60-1 

60*6 

61*2 

51*7 

62*2 

627 

63*3 

63*8 

12 

64-3 

64-9 

55 -4 

66*9 

56 -4 

66*9 

67*4 

67*9 < 

68*4 

68*9 

13 

69*6 

60-0 

60*6 

61*1 

61*6 

62*2 

62*7 

68*3 1 63*8 

64*3 

14 

64-8 

66*4 

66-9 

66*5 

67-1 1 

67 *6 

68*2 

687 

69*3 

69*9 

15 

70*5 1 









... 


TABLE XLIX.— Foil Usk if the Evaporation Process is Adoi-ted. 


Degrees of 
spiilt 
Indication . 

•0 

■1 

•s 

*8 

•4 

•6 

•6 

•7 

‘8 

■9 

0 

0 

0*3 

07 

1*0 

1*4 

17 

2*1 

2*4 

2*8 

3*1 

1 

8 6 

3*8 

4*2 

4*6 

6*0 

6*4 

6*8 

6*2 

6*6 

7*0 

2 

7-4 

7*8 

8*2 

8*7 

9 1 

9*5 

9*9 

10*3 

107 

11*1 

3 

11*6 

11*9 

12*4 

12*8 

13*2 

18*6 

14*0 

14*4 

14*8 

15*3 

4 

16*8 

16*2 

16*6 

170 

17*4 

17*9 

18*4 

18*8 

19*3 

19*8 

5 

20*3 

20*7 

21 *2 

21*6 

22*1 

22*5 

23*0 

‘23*4 

23*9 

24*8 

6 

24*8 

26*2 

26*6 

26*1 

26*6 

27*0 

27*6 

28*6 

28*6 

29*0 

7 

29 '6 

30*0 

30*4 

30*9 

31*3 i 

31*8 

82*3 

32*8 

33*3 

83*8 

8 

34*3 

34*9 

36*6 

86*0 

36*6 

87*1 

377 

88*3 

88*8 

39*4 

9 

40*0 

40*5 

41*0 

41*6 

42*0 

42*6 

48*0 

43*5 

44*0 

44*4 

10 

44*9 

46-4 

46-0 

46*6 

47*1 

47*6 

48*2 

487 

49*3 

49*3 

11 

60*8 

60 9 

61*4 

61*9 

62*5 

63*0 

.53*6 

64*0 

64*6 

65*0 

12 

55*6 

66*2 

667 

67*3 

67*8 

68*3 

68*9 

69*4 

69*9 

60*5 

18 

61 0 

61*6 

62*1 

627 

63*2 

63*8 

64*3 

64*9 

66*4 

66*0 

14 

66*5 

67*0 

67*6 

68*1 

687 

69*2 

69*8 

70*4 

70*9 

71*4 

16 

72*0 

... 1 

1 

... 

... 


... 

... 


... 




TABLE L.— For Asokrtainino the Value of Acetio Aoid. 




CoiiuBaroNPiNo Dkqrbkb of Spiiirr Indication. 



Extiiiss per cent, 
of \r,etie Acitl 





















In the UetT. 

■00 

01 

02 

*08 

■04 

•05 

*06 

•07 

•08 

•09 

•0 


*02 

•04 

•06 

•07 

*08 

*09 

•11 

•12 

•13 

*1 

•14 

•15 

•17 

•18 

•19 

•21 

•22 

*23 

•24 

•26 

•2 

*27 

*2S 

*29 

'31 

•32 

*33 

•34 

•35 

•37 

*38 

■3 

•89 

•40 

*42 

•43 

•44 

•46 

*47 

•48 

■49 

•61 

*4 


*53 

*56 

•66 

•57 

•59 

*60 

*61 

•62 

•64 

*5 

•65 

•66 

*67 

•69 

•70 

*71 

■72 

•73 

*75 

•76 

*6 

*77 

*78 

•80 

•81 

•82 

•84 

*85 

•86 

•87 

•89 

•7 

*90 

•91 

93 

*94 

•9.'» 

•97 

•98 

•99 

1-00 

1*02 

*8 

1*03 

1*04 

1*05 

1*07 

1-08 

1*09 

1*10 

1*11 

1*13 

1*14 

*9 

1*15 

1*16 

1*18 

1*19 

1*21 

1*22 

1*23 

1*25 

1*26 

1*28 

1*0 

1*29 

1*81 

1*33 

i 1*35 

1*36 

1*37 

1*38 

1*40 

1*41 

1*42 


From the malt extract the amount of malt used is calculated, 32*0 of 
malt equalling 21*0 of extract; or, instead of referring to the malt extr^;^ 
tables, 1000 maybe subtracted from the original gravity, and the remaiiH?^;^ 
multiplied by *0*25, which will equal the- total amount of malt extract^l^jv 
gallon in {jounds weight. 


Examples. 

(1.) An ordinary Mild Ale. 

Spoeillc giuvity of alcoholic distillate . 

Spirit indication, . , . , 6*4 

This spirit indication, on reference to Table XLVIIL, equals 26‘0. 


1000 -0 
993*6 


Gravity of boiled beei', =:1014’2 

Add, 26*0 

Original gravity, . . . 1040*2 

Now, on reference to Table XLVTL, 1040*2 correspond to 0*950 parts of 
extract in 100, or *9950 lb. per gallon. 

Or, if from the original gravity, .... ,,1040*2 

Be subtracted . 1000 

And the number obtained ..... 40*2 

Be multiplied by . . . . . ' . . *026 

The product equals . .... 1*006 


which does not materially differ from the amount obtained fxK;»m;the tables. 

(2.) A beer, by the evaporation process, indicated 6*1 per cent, of 
alcohol. On reference to the specific gravity table (Table XL.), p. 380, 
the specific gravity corresponding to this strength is *9896. 

1000*0 

089 * 6 , 


Spirit indioatiop 


10*4 
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This, according to Table XLIX., correeponds to 47'1 ; 

The gravity of the boiled beer was . . . 1016*2 

Add ... . . . . 47*1 

Original gravity, . . . 1063*3 

correR})oiiding, according to Table XLVll., to 1*5441 lbs. of malt extract 
to the gallon. The amount of malt used in the two examples is foimd thus — 

(1.) j 

(2.) =2*3628 lbs. of malt to the gallon. 

If the beer should have a somewhat large proportion of acetic acid (as 
in old and hard beers), it will be necessary to take into account the loss of 
gravity by acetic acid. This complicates the calculation, and is only 
^ occasionally required. 

V The loss of gravity by acetic acid is obtained by the use of Table 
Let us suppose *36 per cent, of acetic acid to have been found in 
y' Vampie 1 ; from this subtract ’10 per cent., the amount which may be 
Ukeii as incidental to healthy fermentation, and allowed for in the table. 
Thus, 

Total acetic acid present, . ... *86 

Deduct *10 

• 

Acetic acid to 1)6 taken account of, , . . *26 

This *26, according to the table, equals *34, the number to be added to 
the spirit indication. 

• 

Spirit indication from alcohol, , . .6*4 

„ „ from acetic acid, .... *34 

Total spirit indication, . . 6*74 

The rest of the calculation is as before. 

It may be desirable to examine the malt extract further, and specially 
with a view to ascertaining whether grape sugar has been used in place of 
malt or not. This may be done, according to Haarstick, by taking advan- 
tage of the fact that most, perhaps all, of the grape sugars of commerce 
contain Bt^champ’s amylin, a substance of great rotatory power, and one, 
moreover, not destroyed by fermentation. 

The samples of beer were examined by Haarstick as follows : — '1 litre of 
beer was evaporated to a syrup, to which alcohol of 00 per cent, was added, 
drop by drop, from a burette with constant agitation, until a volume of 
about 900 C.C. had been used. The separation of dextrin was completed 
with 95 per cent, aloohol, until the filtrate did rot show the least turbidity 
when mixed with an equal bulk of 95 per cent, alcohol. The mixture was 
then left at rest for twelve hours, filtered, and the greater part of the 
alcohol distilled off. The remainder was evaporated to dr3me8s on a water- 
bath, the solid portion dissolved in distilled water, and the solution diluted 
to a litre, and fermented with yeast at 20°, until all the sugar bad been 

1 Or, of oonrae, the factor 1^^1*624 may be used, and then the two equations ore os 
follows (1.) *996 x 1‘624«A W, and (2.) 1*6441 x 1*624=2*3632. 
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Jestroyed. The fermentation was completed on the fourth day, and the 
result of the process was, that beers prepared without grape sugar gave a 
jolution of no natatory power, while those pre])ared with grape sugar turned 
the plane of polarisation 2“’0 to 3‘’'4 to the right, as observed in Hoppe’s 
scale. 

(5.) The Hop Resin awl Glyrei'in . — Gricssmayer ^ e&timates the hop 
resin and glycerin by concentrating the beer to one-third of its bulk, and 
shaking it up with petroleum ether; this, on Bei)aration and evaporation, 
leaves tlio hop resin. The licjuid, now freed from ho]) constituents, is 
made alkaline by baryta water, or, better, by barium alcoholate, and shaken 
up several times with a mixture of two parts of alcohol and three of ether ; 
the latter, on being separated and evaporated in the usual way, leaves the 
glycerin. 

Olausnizer^ gives, as the result of his elaborate experiments on the 
various processes for the estimation of glycerin, the following metliod, 
which would appear to bo the best hitherto published : 50 o.c. of beer are 
warmed on the water-bath to get rid of (X)j,, and then mixed with 3 grms. 
of hydrate of lime and evaporated to a syrup ; 10 grms. of powdered 
marble are then added, the mass frequently stirred, and the whole dried 
on the water-bath. The dish with its contents is now weighed, and 
iiliquot part (about two-fifths to three-quarters) put in the cxtractit% 
apparatus figured at p. 50, and exhausted with 20 c.c. of alcohol of 80 to 
90 per cent. The alcoholic extract (now about 15 c.c.) is mixed with 25^ 
c.c. of anhydrous ether, the precipitate separated, and the ether-alcohol 
received into a weighed iiask, the precipitate also being wasly^d with 
alcohol-ether [2:3]. The almost colourless filtrate is freed from alcohol 
and ether by very slow evaporation. Lastly the glycerin is dried at 100“ 
until in two hours no more than 2 mgrms. are lost. This process will take 
from two to four hours for normal beer, from four to six for beer to which 
glycerin has been added. It may be well to bum up the glycerin and 
subtract the ash found. Clausnizer gives the percentage of glycerin in 
common German beers as follows : — 



Alcohol. 

Extract. 

Glyceriii.3 

Wagi'iiing’s Bockbicr, 

81 

6-4 

•208 

„ Beer, . . 

Rhine beer,* 

. 3-0 

6-2 

•206 

. 2-8 

3 ‘9 

'237 

Bavarian b^r, . 

4-4 

6*0 

•22C 

1) • • • 

3-7 

4-6 

*264 


gi (6.) tlie Nature of the Bitter used . — This is the most difficult part of 
the investigation, and requires a very considerable amount of practical 
knowledge. Occasionally, if the beer is put in the tube figured at p. 407, 
small fragments of quassia, calumba, and similar substances will be observed 
to sink to the bottom as a sediment, and may be detected microscopically ; 
indeed, it is probable that were it possible to obtain the sediment from the 
beer casks, many foreign matters might in this way be detected. 

^ Bcr. d. d. chem. (ichc/Js., xi., 292, 298. ■■ 

^ Clausnizer, F. : Zur Glycerine Beutimmung in Bier. ZcAlschriR flir analijtiselie 
Chcm.f XX., 80. 

* E. Borgmann {Zeitsehr. anal. xxii., 683, 634) gives veiy differeiit results, 

for in the examination of a large number of beers, Iwth Geman and English, he found 
the ratio of alcohol and glycerin to average 100 alcohol: 4 ’8 glycerin— the extremes 
•^ro and Glycerin can be estimated in beer ^Iso by Wanklyh's process 

P. 800 and p. 466). 
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In most cases it is sufficient to use some of the special processes here- 
after described, and restrict the inquiry to proving the absence of picric 
acid, of picrotoxin, and of any other specially noxious substance which 
may be suspected. Should, however, the analyst desire to examine the 
beer generally for various organic principles, the elaborate process as 
worked out by Dragendorff and othera, fully described in the work on 
‘Poisons,’ by A. Wynter Blyth, must be used. About 600 to 1000 c.c. 
of the beer are evaporated to a syrupy consistence, and sufficient strong 
alcohol is added to precipitate the dextrin. The whole is filtered, and after 
standing some liours, the filtrate, acidulated witli sulpluiric acid, and 
shaken up successively with petroleum other, benzine, chlorofoiin, and (if 
salicin be sought) amylic alcohol. 

Or the beer may be precipitated with acetate of lead, filtered, the 
excess of lead thrown out by sulphuric acid, and treated with the solvents 
as desci’ibed. If inquiry bo made as to the nature of the residue left by 
these different solvents in beer simply made from hops and malt, it appears 
that — 


cov (1.) The c^//er extracts — 

Sc (a.i An amorphous, slightly bitijr suhstanco, soluble in ctlier and uloohol, and 
^rftually'floluble iu water ; this is derived from both hops ami malt ; 

(A. ) A substance prccipitablc! by basic acetate of lead ; aij<l one 
(c.) Becoming red by Frbhdo’s reagent; both derived ffiun the hop. 

(d.) A substauce derived from the hop alone, becoming red with sulphuric acid and 
sugar. 

(2.) Viemhie extracts the same substances, and in addition — 

(«.) A substancv) derived from the ho]>, which precipitates tannin ; 

(/.) A substance derived from the malt, becoming dark- brown on the addition of 
sulphuric acid, 

(3) Chloroform extracts («.), (6.), and (c.), and also (f*), a substance 
partly precipitated by potassium iodide and pbosphomolylKiic acid; 

(ly*.) A substauce reducing ammoniacal solution of silver nitrate ; 

(A.) A substance crystallisablo from ether. All of these are derived fi'om the malt. 

The normal reactions of the substances being known, the following 
scheme will be found useful, always bearing in mind that few chemists, 
should they obtain any of the reactions mentioned, would conclude from 
this alone that the substance is actu.ally present. The reaction would be 
considered as an indication only^ to be. supplemented by other evidence. Un- 
less this is remembered and acted upon, the most unfortunate errors may 
be committed by the inexperienced. The beer is most conveniently shaken 
up with the solvent in the tube figured p. 223 ; the ether and benzine will float 
at the top, the chloroform will gravibae to the bottom; in either case 
separation is tolerably easy. It will, however, be found a good plan, in the 
fii'st place, to separate the liquids rather roughly — t.c., to draw off the 
ether, benzine, and chloroform layers, with som^ of the adjacent liquid, to 
wash this in the same tube with water, to withdraw the solvent from the 
water as completely as possible by the separating tube; and if this (as 
sometimes happens) is not very feasible, to evafiorate the impure liquid to 
dryness in a water-bath, and exhaust the residue with the original solvent. 
The latter may be, in the first place, concentrated over hot water, and then 
portions distribute between two or three watch-glasses, and evaporated to 
dryness. 
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I. THE ACID SOLUTION. 
Petroleum Rbsiduk. 


(a.) It is amorphous, colours sul 2 >huric acid first brown, then violet, and finally red 
violet Traces of AhsinlJdn. 

(h.) It is aitiurphous, colourless, having a hot taste, reddouiiig the skin, and colouring 
suli>huric acid browuish-red. Traces of Cupsiein. 

(i*.) It is amorphous, gmm, is coloured by sulphuric acid and sugoJ’, and gives no 
precipitate with ammoniacal silver solution. licsin of the Juoijfer henries. 

(d.) It is crystalline, yellow, and becomes blood-red on warming with cyanide of 
potassium. Picric add. 

Benzii^b Residue. 

A. Crystalline residue. 

It is not bitter ; caustic potash colours it purple-red, sulphuric acid first red, then 
orange. Aloetin. 

B. Amorphous residue. 

a. The residue soluhic in water ; does not trouhk t»* reduce rjold chloride solution in 
the cold. 


(a.) Tannin does not precifutato the solulion in water ; residue sharp tasting. 
1. Sulphuric acid colours it red brown. Caps 


1. Sulphuric acid colours it red bro^ 

2. Sulphuric acid colours it brown. 


(6.) Tannin precipitates the solution in water ; the residue somewhat bitter. 
I. Basic lean acetate causes a weak turbidity, sulphuric acid and sugar 
redden. 


Capsicin. ^ 
Daphne bitter, / 


f acetate causes a weak turbidity, sulphuric acid and sugar scamS 


1. Iron chloride colours the watery solution, on warming, brownish-green ; taste 

slightly bitter. Oertian hitter. 

2. Iron chloride colours the watery solution brown ; taste peculiar, almost un- 

supportably bitter. Qymaiio, 

11. Basic lead acetate strongly precipitates, sulphuric acid and sugar colour it 
gradually a beautiful cherry-red ; taste bitterish. Cnicitu 

h. The residue soluble in water ; does not trouble solution of gold chloride in the cold^ 
hut reduces it on warming, 

{a.) Tannin causes a faint turbidity in the water solution, ammoniacal silver solution 
is not reduced. Heated with diluted sulphurio acid, an ericinol smell is developed. 
Frblide’s reagent colours it black-brown, sulphuric acid and sugar a beautifiil i*ed. 

Ledum hitter. 

{b . ) Tannin precipitates the watery solution ; ammoniacal solution of silver is reduced. 
Heated with diluted sulphuric acid, a weak smell of meiiyauthul is developed. 

Trifolium hitter. 

c, T/uf residue soluble in water ^ predpitMes in the cold chloride of gold^ hut does not 

reduce it upon warming. Heated with diluted sulphurio acid (1 of acid to 6 of water), it 
gives a weak benzoic acid smell. Centaurea hitter. 

d. The residue soluble in water, predpitates in the cold chlofide of gold, which it 

reduces upon warming. Sulphuric acid dissolves it fimt brown, then gradually violet ; 
after tha addition of water quickly a beautiful violet. Hydrochloric acid of 1 *135 specific 
gravity colours it first green, then a beautiful blue. Ahsinthin. 


Ghlobofqbh Residue. 

A. Ohlorido of gold does not precipitate, and is not reduced. 

a. Tannin mves no precipitate ; the residue has a pungent taste. Sulphuric acid 

colours it dark-brown red ; it reddens the skin. Capsicin. 

b. Tannin precipitates. 

(a.) Basic lead acetate dves a decided precipitate. Heated wiUi dilqjied sulphurio 
acid it is first troubled, then it becomes brown-red, and develops a weak smell of 
benzoic acid. Cniein, 

(A) Basic acetate of lead gives little or no precipitate. 

1. Sulphuric add cohmrf brown, 

1. Residue bitter. 

aa. Strongly bitter. . Quotsiin. 

hb. Residue somewhat bitter. Omtim bitter, 

2 . Residue tasting pungent ^ Daj^ bifter. 
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II. Sulphuric add colours hut slightly yeUmo or not at all. Colocyuth hitter, 

B. Chloride of gold dues uot precipitate in tho cold, but is reduced iu the warm. 

a. Tauuiii does uot pi-ecipitatc. 

1. Intoxicab’B fish, tastes bitter. Ticroloxin, 

2. Is tasteless or slightly bitter ; caustic potash colours it red-brown. 

Constituent’ of Aloes. 

h. Tannin preoij>itates. 

(a.) Ammoiiiacal solution of silver is reduced. Heated with dilute sulpliuric acid, 
as w'oll as with Friilide’s reagent, there is a strong smell of mcnyanthol 

Menyanthin. 

{h. ) Ammoiiiacal solution of silver is not reduced. With concentrated sulphuric ac,i< 
and sugar, after long standing, a splendid carmine red develops ; heated witl 
diluted sulphuric acid, as well as with Frblidc’s reagent, an intense ericoliii smel 
is develojied. Encolin. 

C. Chloride of gold precipitates in the cold, and is not reduced by the application o 

heat. Nitric acid colours violet. Colchicine. 

Heated with sulphuric acid, an odour somewhat like trifolium is developed, thou tin 
solution becomes red-brown, and the smell similar to benzoic acid. Gcntaurca hiUcr. 

I), Chloride of gold jirecijiitates in tho cold and reduces in the warm. Sulphuric aci( 
coloure brown, then the solution becomes gradually dirty violfst. Wormwood hitter. 

If necessary to go further, search mav bo made for the alkaloids by rendering th« 
liq,uid weakly alkaline by carbonate of soaa or by ammonia. 

II. THE ALKALINE SOLUTION. 

I. Rksidue obtained by shaking ur with Benzine. 

(1.) It dilates tho pupil. 

(a.) Flatin. chloride does not precipitate the aqueous solution. A solution ii 
^phuTic acid gives on warming a peculiar smell. Atropine. 

(A) rlatin cliloride precipitates. Hyoscyamin. 

(2.) It does not dilate the pupil. 

(a.) The sulphuric acid solution gives with oxide of cerium or bichromate of potasl 
a blue colour. Siri/chnxne. 

{h.) The sulphuric acid solution gives a red colour with niitric acid solution 

Jirucine. 

II. Residue obtained from shaking it up with Amylio Alcohol.— (T hi 

need only be done if salicin be snspccted.) On warming with sulphuric acid am 

bichromate of potash, a smell of salicylic acid is developed. Salicin, 

§ 306. Dr. Adams ^ has found that the bitter of new hops is destroyec 
by boiling with dilute sulphuric acid. He operates as follows : — The beei 
is boiled) and basic load accbitc solution added until on the point o: 
saturation. The boiling is continued for some time, after which the pre 
cipitato is filtered off and the filtrate is acidified with sulphuric acid anc 
filtered f iom the lead sulphate ; the clear acid filtrate is conoentrated to i 
small bulk, chalk is added to neutralise the acid, and the liquid agair 
filtered. The filtrate is now devoid of bitter taste, if hops alone have beer 
used. 

A second process suitable for detecting either old hops or new is onthesami 
principles. The boiling beer is neutralised by barium hydrate, or, rather 
made alkaline. To the filtrate sulphuric acid L added until made just acid 
Then the lead treatment as in the first process is followed, and a filtrati 
idtimately obtained devoid of bitterness, if hops alone have been used. Or 
the other hand, most bitters, such as quassia, gentian, chiretta, and manj 
others, are but little affected by the boiling with sulphuric acid. 

A very good process, only aiming at the identification of a fev 
principles, is recommend^ by Enders; it is as follows; — 

^ Analyk, July^ 1890. 
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The beer is evaporated to a syrup, the dextrin Bei)arated by mixing it 
with three or four times its volume of alcohol, the liquid liltorcd, and the 
sugar precipitated by ether. The filtered ether-alcohol solution is evap- 
orated, the residue dissolved in alcohol, mixed with water, and precipitated 
by means of acetate of lead. The precipitate is filtered, the filtrate put on 
one sid(‘. The washed precipitate is then separated from lead by Slfgj the 
lead sulphide filtered and washed with alcohol, and the filtrate (as well as 
the alcohol washing of lead sulphide) evaporated together. Tho residue is 
dissolved in chloroform, and the solution warmed with water until all the 
chloroform is driven off. Tho hop Htter^ which remains insoluble, is filtered 
oft, Hiid the filtrate evaporated to dryness. The lupulin in it should tastii 
bitter and have an acid reaction ; it is soluble in alcohol, ether, and 
chloroform ; is not precipitated when in solution in weak spirit by tannic 
acid, but is preci])itatcd by acetate of lejid.- Ammoniacal solution of silver 
is not reduced by it, The filtrate of the fiKJt lend precipitate is freed from 
load by SH^,, the lead sulphide filtered oft* and washed with hot water, the 
excess of Sll^ driven off by warming, and then tannin added to the filtrate. 
If no precipitate occurs, absinthin, quassiin, and menvanthiu are absent. 
Any precipitate is filtered, dried with carbonate of load," boiled with alcohc>y 
evaporated, and, lastly, treated with ether. The latter agent dissol^'- 
absinthin, which is also soluble in alcohol, and in much hot water; fi%^. 
the latter solution it is precipitated by tannic acid, but not by le *d acetate ; 
it is stduble in sulphuric acid, and on careful addition of water to this 
solution a violeMue colour is produced. Absinthin reduces an arumouiacal 
solution of silver. Ether leaves rnenyanthiif and quassiin undissolved. 
Both are s<duhlo in alcohol, and the latter behaves towards tannic acid and 
acotiitc of lead like absinthin. Menyanthin reduces ammoniacal solution 
of silver ; quassiin does not. 

Picrotoxin may bo specially tested for by some one of the following 
processes : — 

Heropath's Process. — Mix the beer with acetate of lead in excess ; 
filter, and transmit sulphuretted hydrogen tlirough the filtrate. Filter 
^again, concentrate the filtrate, and treat it with animal charcoal, which 
lias the property of absorbing the picrotoxin. Wash the animal charcoal, 
dry at 100**, and boil with alcohol ; this dissolves out the picrotoxin, from 
which it may be obtained in tufts of crystals. 

Depnire^s Process . — Mix with one litre of beer finely powdered rock 
salt (\vhich throws down the resinous and extractive matters), and sliake 
the liquid with ether ; an impure picrotoxin crystallises on separating the 
ether and evaporating it: or the beer may be simply acidulated with 
liydrochloric acid and agitated with ether, the ether separated and evapor- 
ated as before. 

Sclmidfs Process. — 1. Evaporate the beer in a water- bath to a syrupy 
consistence, mix it with tepid water till it is perfectly liquid, so as to 
bring the volume to a tliird of the liquid used; heat and -shake with 
animal charcoal. Let it stand several hours, filter, and heat slightly; 
precipitate by basic acetate of load, and again filter. Tlie liquid should 
now be of a yellow wine-colour; if not, re-filter througli animal charcoal. 
Add from 5 to 10 cubic centimetres of amylio alcohol, and shake briskly 
several times at intervals; after twenty-four hours the amylic alcohol, 
containing the greater part of the picrotoxin, collects on the surface. The 
remainder is subsequently eliminated by fresh treatment with amylic 
alcohol Collect the limpid layers of this alcohol, jind leave the rest to 
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evaporate spontaneously. On the sides of tlic capsule a yellowish riiij- 
forms, and this contains the* | ierotoxin mixed with resinous substances, 

2. Isolation of the Picrotoxin. — First, dissolve the resinous product 
in weak alcohol, evaporate to dryness, recover by a little boiling water 
containing a small quantity of boil to expel any volatile matter, 

add a little animal black to eliminate all extractive and resinous matter, 
and, lastly, filter. Evaporate inodorous liquid, and when a fresh bitter 
taste is developed, shake up with ether; this redissolvcs the picrotoxin, 
and collects into a distinct layer on the surface of the liquid. Treat 
again with ether, and the whole of the picrotoxin is eliminated ; finally, 
the ethereal liquids are mixed, a little alcohol is added, and the whole is 
evaporated. The white or yellow’ish ring formed consists of picrotoxin, 
which then has only to bo dissolved in alcohol to furnish the immediate 
j)rinciplo in the form of well-defined crystals. These crystals, however, 
will not be obtained unless the solution be quite free from resinous 
substances ; if not free, and if, for instance, the ethereal solution is of a 
yellow colour, it must be recovered with water and treated by charcoal, as 
above described. 

Schmidt was able to separate by this process 0*04 grain of picrotoxin in 
' bottle of beer whicli had been adulterated with eight grains of Indian borry.^ 

J - Dra'gendoi'ff has modified the method of Schmidt, by adding an excess 
acetate of lead, precipitating this by SH^, and with the lead sulphide 
^'^etting rid of some colouring matter. The sulphide of lead uiay be 
w’ashed and dried, and then boiled with ether, to recover any picrotoxin 
which h^ gone down with it. 

By the following process the animal charcoal may be dispensed with 
altogether: — The beer is first evaiwratod to a syrup, then 4 to 5 vols, 
of alcohol of 90 to 94 per cent, are added. After maceration for twenty- 
hmr hours at a low temperature, the alcoholic extract is *,vaporatcd, the 
residue acidified with diluted 8041 !.^, and treated several times with amyl 
alcohol or chloroform ; but previously to this the fluid should be shaken 
up several times with benzine, which docs not remove any picrotoxin. 
The rest of the process is similar to that of Schmidt. 

g 307. Spaeial Tests fir Picric Acid , — If picric acid alone should be 
sought for, the quickest way is to agitate the beer in the scpirating tube, 
described p. 223, with half its volume of amylic alcohol. On separating 
and evaporating the alcohol, if picric acid bo present a yellow residue wdll 
bo left, and can be identified by the action of potassic cyanide, as described 
below. It will not be worth while testing specially for picric acid, if the 
beer, on being treated with subacctate of lead, loses nearly all its bitter 
taste ; but if, on the contrary, it continues bitter, picric acid, or some other 
bitter not precipi table by acetete of lead, i* present. 

Another test frequently proposed for picric acid is to soak some pure 
w'ool in the beer, first gently warmed over the water-hath and acidulated 
with HCl, when the picric acid will stain the wool yellow. The wool thus 
stained may next be warmed with aqueous ammonia, the liquid filtered, 
concentrated to a small bulk, and a few drops of a solution of potassic 
cyanide added, when, if ‘picric acid be present, a red colour (potassium 
isopurpurate) will be produced. Picric acid may be also recognised, if 
present, by spectroscopic examination : the dried extract is exhausted 
either by amyl alcohol or ether, and the solution examined, comparing 
any spectrum obtained with that given by a solution of the acid. 

^ M. Scluaidt : Chem, Ntws^ March 12, 1864, p. 122. 



432 FOODS : MElil OOMPOISITION AND AlS^ALYSIfif; 308? 8W. 

The best method, according to W. Fleck, of detecting picric acid in 
beer, is to evaporate down, say half a litre of the beer to a syrup, mix the 
residue with ton times its volume of absolute alcohol, filter, wash, 
evaporate the alcoholic solution to dryness, treat this dry extract with 
water as long as the water is coloured, evaporate down the watery extract 
to dryness, and extract with ether. The ether will contain any picric 
acid in a state pure enough to weigh, if not absolutely pure. The ether 
may be driven off* and the picric acid taken up by chloroform or benzole, 
and crystallised out from either of those solvents.^ 

§ 308. Mr. Sorby has endeavoured to discover by spectral analysis 
differences between picric acid, gentian, calumba, and chiretta. The 
characters of the pure (solouring-matters of malt and hops, when single 
and uiiformented, have been already described. They are, however, 
modified somewhat by fermentation and by keeping in the cask, and the 
following is a description of what may be found in pure beers. The 
colouring-matter is lirst separated by evaj)orating down and })recipitating 
by alcohol ; the alcoholic filtrate is in turn evaporated, and the residue 
dissolved in water. On now adding to this aqueous solution sodic hypo- 
chlorite, it becomes gradually flesh-coloured, and if it is strong a spectrum 
can l)e obhiined. This spectnim is lightly shaded to C§D, then dark ^ 
DJE, afterwards very dark; and when most advantageously seen 
dark from DJE to P, then easily shaded to FJGr, farther on very dari» . 
and there is a broad absorption-band from EJ6. If more hypochlorite Is 
added, it becomes deeper orange, and finally orange yellow. No difference 
could bo discovered spectroscopically between gentian, chiretta, and hops. 
Calumba root it is possible to detect as follows : — 

A sample of pure and one of suspected beer are evaporated down. 
[A beer may be suspected if the extract is bright yellow,] Two observa- 
tion tubes are taken, and the pure beer diluted until it gives a spectrum 
easily shaded from DJE to EJf/, then moderately dark from 6JF, 
afterwards dark. In the other tube is placed as much of the suspected 
sample as will give a colour of about equal intensity, and in both cases 
* about one-fourth of the mixture must be alcohol, in order to avoid a 
precipitate. Sodic hypochlorite is now added to both slowly, and in about 
equal proportion ; when pure, beer will become first red, and then flesh- 
coloured, with a spectrum moderately dark from &fF to F|p, th6n half 
dark to FJgr, afterwards dark; whilst beer containing calumba root 
is coloured orange-red, and gives a spectrum lightly shaded from D 
to DJE, afterwards half dark from DfE, then dark. Too large an amount 
of hypoohlorite must not be added, or the colour is then too like that of 
pure beer. Picric acid, when in beer, gives a spectrum which is easily 
shaded from F{// to F|^, theu half dark to about g, afterwards very dark. 
On addition of sulphuric acid the spectrum is lightly shaded from FJ^ to 
F|< 7 , then half dark to beyond g*, afterwards very dark. 

Salicylic Acid is used occasionally in brewing. If the beer, con- 
centrated to a small bulk, is acidified with hydrochloric acid and shaken 
up with ether, the latter solvent will extract the organic acid, and it may 
be identified by the colour it gives with ferric chloride, and by its physical 
properties. 

§ 309. (7.) The Ash . — ^The analysis of the ash of beer differs in 
no degree from an analysis of ash in general, and is carried out on the 
principle detailed, p. 93, et seq. The substances to which the analyst’s 
^ H. Fleck, (hrruppdswhMl. d. Fsteim. 4nal^0hem,f iil, 77f 





attention is specially directed are — the amount of salt, the presence or 
absence of iron (often added in the form of sulphate to porter), alum and 
lead.^ Of these the only one necessary to allude to further is the salt. 

The salt in beer is determined with sufficient accuracy by charrini; in a 
platinum dish the extract from 70 c.c. of beer (it is not well to burn to a 
complete ash, for in doing so there is always a considerable loss of 
chlorides). The charred mass is boiled up with successive portions of 
distilled water, filtered, and the filtrate made up to a known bulk, from 
which a convenient fractional portion is taken, and titrated with a solution 
of nitrate of silver (4*79 grms. to the litre), 1 c.o. = l ragrm. of chlorine, 
using as an indicator neutral chromate of potash. The chlorine found is 
calculated and expressed as common salt, every mgnn. of salt, when 70 c.c. 
are taken, being equivalent to 1 grain in the gallon. Mr. Grillin’s 
convenient measure, the septem or one-hundrcdtli of a gallon, may, 
of course, bo used, and grains instead of gramnics— each grain measure of 
nitrate of silver being made to correspond to one-tenth of a grain of 
common salt per gallon. Should the amount thus found indicate more 
than 50 or 60 grains per gallon, a second determination of chlorine should 
be made by the more accurate gravimetric method of weighing the chlorine 
^^^.jchloridc of silver. It is always advisable then to make a qualitative 
quantitative examination of the soluble portion of the ash ; for, if 
wffied as a witness, the analyst must bo prepared to state positively the 
chloride of sodium ; nor can he well do this simply from the 
soluble chlorine, for that may represent other chlorides besides chloride of 
sodium. 

Tho^mount of salt derived from the hops and malt can approximately 
bo determined, as Mr. Gatehouse has shown, ^ — First, for the malt: by 
taking the original gravity, as before described (p. 419), obtaining thence 
the quantity of malt originally used in the beer, and reckoning the malt to 
contain ’025 per cent, of salt (and certainly no malt will be*found to exceed 
this). Then, for tho hops : the possible maximum of salt in hops is -346 
per cent. The quantity used in brewing being seldom, if ever, more than 
20 lbs. per quarter of malt for bitter beer, and generally less than half this 
amount for strong beer, and this weight of malt giving at least 72 gallons, 
the salt derived from the hops cannot in bitter beer exceed 6*7 grains, and 
in strong beer 3*35 grains per gallon. 

Thus, to take the first example (p. 424), tho original gravity of which 
w'aa 1040*2, corresponding by the tables to *9950 lbs, of malt extract per 
gallon. Since 320 of malt equal 210 of extract, and there are 7000 grains 
in the pound — 

'9950 X 820 X *025x7000 
210x100 

*2*65 grains of salt per gallon as tho possible maximum from the malt, 
the in question not being a bitter beer. Add to this 3*36 as possible 
maximum amount of salt from the hops — 

2*65 from malt, 

3*35 from* hops, 

6*00 salt possible from both malt and hops. 

1 Many firms now use lar^ oopF^ coolers, but no injurious amount of oo]>per apj)earB 
to have been as yet detoct.ed m beers. 

* “ The Amount of Salt tn Beer.” Arudysty No. 20, 1877. 
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Now, if the composition of the water usocl in brewing be known, one- 
third more than the actual quantity of salt in the water present may be 
added to the number representing the sjilt from the hops and malt, and 
the data are then complete for the analyst to form his judgment. The 
amount of salt in the water used will, however, only occasionally be known. 

The numbei’s used in the above calculations being constants, the process 
is shortened by sim))ly deducting 1000 from the original gravity, and 
multiplying by *066, the result giving the salt in grains per gallon. Thus 
taking an example from Mr. Gatehouse’s excellent paper : ^ — 


Per cent. 

Beer found to contain alcohol, 5*2 

Malt extract 7 ’38 

Spoci lie gravity oJ‘ alcohol equals *9011 ; tins spirit iiuJication 

tlierelbro ('quals 8 '9, giving an original gravity, . . 38 '6 

Gravity of boiled beer, 1030 '6 

Original gravity of wort, 1069 ‘2 

Salt due to malt alone, 69 -2 x •066 -- 4 ‘567 

Salt due to hops, 3 ‘350 

Salt due to M'ater, unknown. 

Possible total due to malt and luqjs 7 '917 

The amount of salt actually found being 8*55. 


It has been suggested that the concrete sugar so largely and le^ 
mately iised by brewers sometimes contains a considerable amount ?/ 
chlorides. If sami)le8 arc found, occasionally, with more than a trace of 
chloride, it is because the sugar itself has been prepared for the brewers ; 
nor can there be any difference whether the brewer adds the salt as salt, 
or first mixes it with sugar. However, analytical proof of sutlicient 
chlorides naturally present in concrete sugar, to raise the salt in beer made 
from ordinary materials to over 50 grains per gallon, is wanting ; and all 
the evidence in its favour has been derived from loose statements. 

§ 310. Adulteration of Beer mth Sugar, --In 48 and 49 Viet., c. 51, 
Sect. 8, it is enacted — 

(1.) A brewer of beer for sale shall not adulterate beer, or add any 
matter or thing thereto (except finings for the purpose of clarification, or 
other matter or thing sanctioned by the Commissioners of Inland Kevenue), 
before the same is delivered for consumption, and any beer found to be 
adulterated or mixed with any other matter or thing (except as aforesaid) 
in the possession of a brewer of beer, for sale, shall bo forfeited, and he 
shall incur a fine of fifty pounds, 

(2.) A dealer in, or retailer of, beer shall not adulteiiate or dilute beer, 

add any matter or thing thereto (except, finings for the purpose of 
^arificaiion), and any beer found to be adulterated or diluted, or mixed 
%ith any other matter or thing (except finings), in the possession of a 
dealer in, or retailer of, beer shall be forfeited, and he shall incur a fine of 
fifty pounds. 

There have been a great number of prosecutions by the Excise under 
this Act, either for the ofifonce of adding sugar to or diluting the beer. It 
is not practicable for the public analyst, in the absence of definite standards, 
to certify to either sugar or water, save, of course, in some extreme oases. 
The Excise authorities are able to detect sugar and water, because they 
have power to go down in the publican’s cellar and take samples of beer as 
-it has been delivered from the wholesale house, and also of the same beer 

' Op. cU, 
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prepared for retail. The authorities arc tlnis able to take for wieir 
standard the undoctorcd beer, and to calculate the amount of water and 
sugar per barrel (36 galls.) which has been'added to the doctored boor. 

The Detedimi of Arsenic in Beer, Sugar^ and other Articles of Food, 

§311. So long ago as 1879, in the first edition of this work, then 
publisliod under the title of “A Manual of Practical Chemistry, the Analysis 
of Foods, and the Detection of Poisons,” attention was culled to the possi- 
bility of the contamination of b(ier by arsenic in the following words : — 

“ It is possible for arsenic to be found in beers manufactured from glu- 
cose, for in certain kinds of the latter arsenic is occasionally discovered, the 
subsUiiKic probably having been introduced by the use of an arsenical 
sulphuric acid in the process of manufacture. The darker the colour of 
the glucose, the more likely is it to be arsenical ; thus Mr. Ritter found : — 

Orm. 

Ill white glucose, , • . 0 mH 05 ai'scnlc per kilogrm. 

Ill yellow ,, , . . 0*cl70 ,, ,, 

In black „ ... 0*1094. ,, ,, 

Clouet, in the examination of a very largo number of arsenical glucoses, 
ifAnd as a minimum 0‘0025 grm., as a maximum 0’0070 grin., as a mean 
^‘005l**-^u. metallic arsenic per kilogramme (T. Clouet, “Du glucose 
arsenical,” Ann, d* H ggyme Puhlique^ xlix., Jan. 1878).” 

It wa# not suspected that the danger was more than a possibility. In 
the latter part of 1900, however, a remarkable epidemic of peripheral 
neuritis, in many oases fatal, broke out in liancashire and Staffordshire. 
'I'he numlicrs affected will never be exactly known, but in Manchester and 
Salford alone it was estimated that 3000 persons suffered. ^ 

In November 1900, T)r. E. S. iieynolds, suspecting the disease was due to 
arsenic, and observing that the sutterers wore all beer drinkers and most, 
though not all, large beer drinkers, had the beer at once submitted to 
carelul examination, with the result that in the beer drunk by the patients 
arsenic was discovered in dangerous proportions. 

It was next proved that the epidemic was limited practically to persons 
who drank beer from a particular source, and farther that this beer was 
- lire wed from brewing sugars supplied by a particular Liverpool firm. 

Various samples of this glucose taken from breweries showed (piantities 
of arsenic calculated as arsenious oxide of from *66 to 9*17 grains per lb. 
Invert sugar from the same source was found to contain from 1’66 to 
3*21 grains per lb. 

It was found farther that these su/nrs had become contaminated by 
arsenic by the use of an arsenical acid tjiipplied by a Leeds firm ; various 
specimens of this acid contained from 1*4 to 2*6 per cent, of arsenious 
oxide. 

The epidemic excited such general attention that a Royal Commission ' 
was appointed in February 1901, and issued a valuable first report in the 
same year, in which various recommendations were made. With regard to 
the mode in whicli arsenic may gain access to beer the Commission found 
that this may occur in the following three ways : — 

^ “ First Report of the Royal Commission app'iintod to enquire into Araonical 
Poisoning,” 1901. ^ , 



1. “5?/ way of Brming Sugars. — If an arsenical mineral acid is used in 
the mannfacturo of glucose from starch or invert sugar from cane sugar, 
these products are liable to be ct)ntaminatod with arsenic. 

2. “ By way of Malt. — drain exposed to the products of combustion is 
liable to l>c contaminated with arsenic. 

3 “ In other ways. — Other ingredients of beer, such as cliemical sub- 
stances used for various purposes, arc liable, from their mode of preparation, 
to contain arsenic, and wc have found minute quantities have been in some 
instfinces introduced in this way.” 

§ 312. GutzeiVs Test for Arsmie. — ^Arseniuretted hydrogen produces a 
yellow to dark orange stain if passed over paper whiclj has been treated 
with mercuric chloride ; the depth of colour has a relationship to the amount 
of arseniuretted hydrogen. 

This is the principle of Gutzeit’s test. 

The method of ixjrforining the test is as follows: — Squares of thin 
Swedish filter-paper, of about 4 cm. sq., are cut and prepared by dro})pi]ig 
on the centre of each square a large drop of, say, a 6 per cent, solution of 
mercuric chloride ; the squares arc allowed to dry, and are then ready for 
use. A suitable quantity of the liquid to be tested, 50 to 100 c.c., 
are acidified by adding from 5 to 10 c.c. of arsenic-free hydrochloric ajjji 
and half a c.c. of a 15 per cent, solution of cuprous chloride. A rod^^tf^ 
some pieces) of arscuic-frec zinc is added, the resulting gas passed thnu^i? 
sugar of lead solution and allowed to impinge upon the mercuric chloribV 
paper. The test may be made to a certain extent quantitative by evolving 
arseniuretted hydrogen from known quantities of arsenious acid. Mr. 
Edward Dowzard^ has devised a very neat series of absorption cfclls which 
are fitted into the neck of an ordinary flask ; the cells are charged with 
lead acetate solution, and thoroughly free the gas from sulphuretted 
hydrogen; the last cell is capped with the prepared mercuric chloride 
paper. The test is not affected by antimony, selenium, or tellurium; it 
is Oixpable of detecting less than one 200th of a mgrm, of AsgOg. 

§ 313 . ReinseWs Test for Arsenic. — The test is by far the most convenient 
for detecting arsenic, whether in organic or inorganic liquids. When 
j)roperly performed it is capable of detecting with certainty less than one 
tenth of a milligrm. of arsenic ; hence it may bo confidently recommended 
to the Food Analyst for the purpose of sorting out a number of samples 
into “practically arsenic free” and otherwise. 

As a qualitative test Keinsch’s method is performed as follows :~-bopper 
gauze or copper foil is oxidised in the air by heating it in a tube, open at 
both ends, to a gentle rod heat. The oxide film is then dissolved off by a 
Ik seconds’ contact with nitric acid; the copper, washed with water, 
VIhen chemically clean, and should show a bright surface. A piece of 
ropper thus prepared, about 1 inch x \ inch, is suspended by a thin 
platinum wire in, say, from 60 to 100 c.c. of the liquid to be examined, 
acidified with dilute pure hydrochloric acid, and very gently boiled for 20 
minutes. The copper is from time to time examiu^, and should a dark 
browm or black stain be produced, this may be caused by sulphur, by 
antimony, by arsenic, by organic matter, and by other sulwtanceB. The 
copper is washed with alcohol and with water and dried at a gentle heat. 
It is then dropped into a glass tube closed at one end, or, better still, placed 
in a -subliming cell consisting of a ring of glass closed by a circle of thin 
microscope covering glass, supported on a porcelain crucible Hd, and the 
* Jmm, Ohsm. SiK. (Trms.), 1901. 
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copper heated almost to a dull red heat If arsenic be present, the arsenic 
sublimes as^arsenioiis acid crystals. 

I'liese crystals are for the most part regular octahodra, with, it 
may be, a mixture of rectangular prisms; irregular and confused forms 
also are not unfrequent, but, under the circumstances, a distinct crystalline 
sublimate from copper coated in the manner described can be nothing 
else but arsenious acid. 

Should an attempt be made to make the test a quantitative one, the 
process suggested by Mr. John Clarke^ is convenient. The strip of copper 
coated with arsenic is removed from the liquid and a second slip inserted. 
Tlie coated slip is washed with alcohol and then with water. It is then 
placed in a mixed dilute aqueous solution of potash and peroxide of 
liydrogeii, and allowed to remain in the cold until t he film is dissolved and 
the copper has regained its original brightness. If the second slip of 
copper is stained, this is digested in the same liquid, while the first cleaned 
slip is gently boiled with the liquid under examination, and the process 
is repeated alternately with the two slips of copper until no more staining 
is observed. The alkaline oxidising liquid is now boiled, and the small 
amount of CuO that may be formed is filtered off. The filtrate is boiled 
to a small bulk. This concentrated liquid is washed into a small distilling 
^.^aak with strong arsenic-free hydrochloric acid, some ferrous chloride 
”^ed, the flask fitted with a safety tube and connected with a small worm 
— an inverted calcium chloride tube attached, and the oldoride of 
arseiwo- astilled over. It is advisable to distil down twice with strong 
hy»lr(>chlorio acid. Then hydric sulphide gas is passed into the distillate 
tlicro wilf be a precipitate if more than one-tenth of a milligramme be 
pTiiscut ; a yellow colour, more or less deep, according to quantity, if less- 
thfiM one- tenth be present. Even so little as one-thousandth of a milli 
gi-onme of arsenic sulphide gives a faint yellow colour. These smal 
fluaiititicB may be estimated colorimetrioally by havinj^‘ a comparisoi 
solution containing known small quantities of arsenious acid and imitating 
tbo colour in the same manner as in the Nessler process (described in tht 
cha})ter on ‘ Water ’ ). 

314. The ^arsh Berzelius Process^ as recommended by tbo Joint 
Committee of ti^ocioty of Public Analysts and the Society of Chemica 
Industry, is • — 

(]) Pup^fi^’tlon of Materials. , 

Acid, — The original report suggested the dilution of th( 
y. a. ovjure treatment, but this dilution had the effect of partially retaining 
f any arK<.uio. It is now ^ recommended to use the strong acid of commerce 
U) add about 5 c.c. of bromine per litre, then sulphur dioxide in excesi 
either as gas or in solution. The liquid is allowed to stand twelve hours 
and one-fifth is then distilled over. Tiic remainder in the retort is arsenic 
free. 

Sufjdiuric AaVi.— Half a litre of the purest sulphuric aafe3||NMiinabl( 
is diluvcd with four volumes of water, a fe’v grms. of sodium" ohlorid( 
added and distilled ; the first 60 o.o. contains any arsenic present, and ii 
rejected. 

Zinc. — ^Arsenic-free zinc maybe obtained by melting zinc and adding 
sodium to the molten mass. The whole of the sodium must bo go 
rid of by volatilisation and by skimming off the scum from time to time. 

Joum. Chem. Soc. {Trans.), 1898. 

‘ Amlpst, Feb. 1902, zxvii., 48, 210. 
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Mr. William Tbonison, camong others, ^ criticises the methods of the 
roiniuitlce I'or the ]juriiicatioii of the two acids, lie prefers to dilute 
h.v<lri*chli)ric acid with one-third of its volume of water, to add one 
grill, of i:liromic acid per litre and to distil. The distillate is arsenic-free ; 
it, however, contains chlorine. This is got rid of by passing dry filtered 
air ihrongli it for alxint half an hour. 

SnJjJmrir And is similarly jnirified by adding either 1 grm. of chromic 
acid or t lie same riuaniity of potassium permanganate and distilling, the 
first portion being ri'jected on account of possible contamination ot the 
ncch of tlie non-tiilmlaled retort in which the operation is performed. 
The distillate is arsenic- free. 

Apparatus . — The apparatus recommended by the Joint-Committee 
])resents nothing special. A 200 c.c. flask is fitti'd with a doubly perforated 
cork or indiarnbber stopper or a glass stopper ground in. The one 
perforation carries a tapped funnel holding about 50 c.c. and an exit tube. 
To the exit tube is fitted a wide bit of tubing can-ying in succession a roll 
of blotting-paper which has been soaked in acetate of Icjid solution and 
dried, a wad of cotton-wool, granulated calcium chloride, and a second 
wad of cotton-wool. To this tube is fitted a hard glass tube having 
external diameter of *092 inch, as in the ordinary Marsh apparatus. 

The operation is performed as follows : — 20 grms. of arsenic-free 
well washed, are placed in the bottle, and a siiilicient quantity of aciusgti 
in to cause a brisk evolution of hydrogen. After all air has been expohio 
an inch of the tube close to the constriction is brought to a red heat. To 
assist the distribution of the heat the tube may be conveniontly^supported 
and protected by copper gauze. The evolution of gas is keyit up by 
adding more acid from time to time, and the gas allowed to stream thro|n^\i 
the red hot tube for half an hour. No mirror should result if the matferials 
are arsenic-frce. Standard mirrors are made, by taking known qua^^tities 
of arsciiious oxide in solution, adding tliem to the flask, and evolv’^ng the 
gas as thus described. The quantities recommended for Btar^J^ards are 
•004 nigrm., *006 mgrra., *008 mgrm., and *01 mgrm^ , arsenious 
acid. 

These mirrors are scaled off while the hydrogen gasy jg flowing, and 
mounted on cardboard. It is pointed out by the Gem ^ ^tee that HCl 
gives bettor results than sulphuric acid, and that if acid is used 

standard mirrors must then bo made by the use of H. 2 --sO.. In other 
words, standard mirrors are not reliable, save when they atre produced 
under the exact conditions to be employed when testing a soiuuou 
unknown strength. 

The Committee state that organic materials may be tested by the 
hydrochloric acid method without previous destruction, though it is 
preferable to destroy organic matter. 

Liquids to be tested without destruction of organic matter, such as 
beer, must be added in very small quantities at a time. 

Malt is tested by placing 50 grms. in a separator funnel furnished with 
a stopcock, and adding 50 c.c. of HCl and 50 o.c. of water warmed to 
50’ C. The whole is allowed to digest for about twenty minutes, with 
frequent shaking, and then the acid solution separated. Every 20 c.c. 
contains the arsenic from 10 grms. of malt. 

In a similar manner 20 grms, of hops may be tested. 

In all these cases 10 c.c, of -the liquid and 10 c.c. of HCl are added to 
^ British Food Journal, iv., 170. 



the flask containing the zinc and hydrogen, and tiie g»iK is developed during 
twenty minutes. 

If no mirror appears, another 10 o.c. are added, and so forth. 

DrstmcUim of Org<mii‘ Matter. — There arc two mctliods — (1) destruction 
by an acid; (2) bumiiig up the organic solid mixed with lime or 
magnesia. 

(1) The Acid Method . — 10 grms. of the substance are placed in an 8 
centimetre porcelain crucible, and covered with from 10 to 15 c.c. of pure 
redistilled nitric acid. The crucible is heated on a sand-bath until all the 
acid is expelled and the crucible contains a black ))orfectly chaiTed and 
nearly dry mass ; the contents of the crucible arc now extracted with a 
few c.c. of dilute HCl, the whole being allowed to digest on the water-bath 
for half ail hour. The contents are filtered, the charred mass waslicd with 
hot water, mid the filtrate concentr.ated down to about 30 c.c., co(-led, and 
tested in the Marsh ajijiaratus. 

(2) The Basic Method . — ^'rhe materials are mixed with pure lime or 
magnesia, dried and incinerated. The proportions i ( commended for such 
liquids as beer are 1 grm. for every 20 c.c. The ash is dissolved in IKfi, 
aud the solution tested as before. The Committee do not recommend this 
method for hops. 

To prove that the mirror is due to metallic arsenic, the sealed-up tube 
is bi'oken. The portion of tho tube containing the njirror is cut oil, the 
kydrogen replatjcd by air aud carefully scaled iq) ; tho sealed-up tube is 
drawu backwards and forwards through the Jiunsen flame until the mirror 
disappears. On cooling, min ate crystals of arsenions oxide are deposited, 
which are readily identified under tho microscope by their crystalline 
form. 

Tho delicacy of the test is, with quantities of 20 grms. or 20 c.c., one 
}jart of arseiiiuus oxide in 7,000,000. 

§ 3l5. Mr. William Thomson has introduced various^ modifications into 
the method of the Committee. IClcctrolytic zinc, usually contaminated 
with iron, is granulated, treated with acid, and the feathery portions (which 
do not become black on the surface when treated with an acid, and yield 
very little eftervesceiicc) are picked out. These feathery portions arc, as a 
rule, free from iron and arsenic. 

On the addition of an acid the evolution of hydrogen is b1ow\ but to 
remedy thi^.Jfcfect ^Thomson adds a small quantity of sulphate of 
which, ^ ^.dectrolytic action, produces a brisk stream of 

He uses a smaller flask (50 c.c.) than that recommended by the 
Committee, and instead of a tap grinds the end of a solid rod into the 
thistle funnel (see fig. 66a). The gns passes over blotting-paper which has 
been soaked in lead ac(’Ute solution and dried in a similar way to that 
recommended by the Committee. 

In testing beers and organic solutions generally, he destroys the organic 
mat^ er as follows : — 

50 c.c. of beer are evaporated to a syrup in a 200 c.c. Jena glass flask 
and 25 c.c. of strong pure nitric acid, and 5 c.c. of strong sulphuric acid are 
add(jd. The whole Is heated cautiously on a sand-bath, the fumes being 
sucked through a solution of soda by means of a water pump. When the 
liquid darkens, successive quantities of 3 o.c. of nitric acid are added until 
the fluid is colourless and fumes of sulphuric acid are given ofl’. 

The liquid is cooled, 10 o.c. of water arc added, and the liquid is boiled 



n order to break up the iiitro sulphuric acid formed. The liquid is then 
50oled, diluted with 10 c.o. of water, and delivered into the llerzclius-Marsh 
ippamtus. 

Standard mirrors are made in the usual way, strictly hdlowing out the 
Ictails laid down. A photographic representation of Mr. Thomson’s 
[uirrors are appended (see fig. 66?^). 
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§ 810. Bemfroj/s Method. — J. C. Berntrop^ has proposed the following 
process : — To a litre of the beer add a few drops of bromine, and allow to 
stand twenty-four hours. Then make the beer strongly alkaline with 
ammonia, add 5 c.c, of a saturated solution of sodium phosphate and 10 
c,o. of the ordinary magnesia mixture, and allow to settle for twenty-four 

^ Chem. News^ March 14, 1902. ZeU.f. arud. 1902, 11. 
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hours. The clear liquid is poured oflP, the precipitate transferred to a filter 
as far as possible, then dissolved off the filter by a warm solution of 20 
per cent, sulphuric acid. The solution is run into the flask which contained 
the original precipitate for the purpose of dissolving adhering crystals. 
The solution is now heated in a Kjeldahl flask, a little nitric acid being 
added from time to time. The heating is continued until sulphurous acid 
begins to escape and the liquid is colourless. 

The solution is now placed in a Marsli’s apparatus, and any arsenic 
present detected in the usual way. 



Fio. 66(. 


The advantages of the method are obvious. Considerable quantities 
of organic liqiiids can be dealt with. The arsenic, if present, is concentrated 
as ammonio-magnesia arsenate, and falls with the ammonio-magnesian 
phosphate. The ultimate solution contains no organic matter. On the 
other hand, it is not to be relied upon as a quantitative process, the 
ammonio-magnesia arsenate not being absolutely insoluble in the presence 
of dkaline chlorides, which idways occur in beer. 
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W INK. 

^ 317 . ConMnmU of Wine is the ferment^ juice of the 

irrapo, with such additions only as are essential to the stability or keeping 
of the liquid {Dupre). The constituents of grape juice and wine may he 
arranged and compared as follows : — 


Must. 


Water. 
Grape sugar. 


Albumiiinul bodies. 


llydro-potassic tartrate. 

Tartrate of lime. 

Vegetable mucus. 

Gum. 

Malic acid (iu bad season 
Salts of ammonia and of similar base.s. 
Small mixtures of colouriug-raaitors. 

Organic acids in combination and 
certain extractive matters. 


Wink. 

Water. 

Grape sugar (0 to several ])cr cent.) 
Alcohols (mainly ethyl ic, but also 
small quantities of the higher 
alcohols, suchaspropylic, bntylic, 
amylic, and others). 

Residues of albuminoid bodies. 
Aldehydes (mainly othylic). 
Isobutylglyeol.^ 

Acetal. 

l<hirfurol. 

Acetic acid. 

Succinie ac.id. 

i Tartrate of lime, jin smaller pro))or- 
j Tartaiic acid, ! tioiis than in ‘Must 


Gum. 

Alalic acid (in bad seasons). 

Golouring-mattem. 

Glycerin. 

Organic matters in combination and 
cei-taiii extmetivo matters. 

Esters— Acetic, cai)roic, caprylic, 
butyric, aud tartaiic esters have 
been ideutiiied. Recently small 
quantities of salicylic acid (0'8 
nigrm. per litre) have been de- 
tected in Portuguese 
genuine wines.“ 

Tannin. 


I 


Mineral matters.* 


^>0.. Jn other 


M^nmi matters. 

A few ferment cells and simila? produced 


1 k Tidnniii 0 Pr rtnflratiuc on 60 litres of Bordeaux, sutceedt d in isolating, by fractional distill^ 

follows • 


Maximum, 

MinimniD, 

Mean, 


64-24 lU-r>4 
81*153 *559 

41514 3*37 


Chlorine. 

Js 

¥ 

|i ! 

1 Lime. 

1 1 i 

1 ’ 
— * 

Iron 

Phosphate. 

Alumina 

Phosphate. 

3*89 

13-6K 

1 ! 

7-28 ' 

13*09 ' 

' l-2-n7 

1-08 

8*85 

•29 

8-U 

•22 

•66 

j •9»i 

•06 

•05 

1 1-09 

914 

8-00 

4-56 

9-67 

•68 

•87 


‘23*7.3 

3*13 

12*78 


*0B 

•08 

•20 


This may be compart with ttw mineral constituents o! wine given at p. 4ti8. 
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§ 318. C}ian(jp& talcing plare in Wine through Age, — Bcrthclot’ has 
made several analyses of wines 100 and 45 years old respectively, whi(;h 
are interesting as (jontributing to more accurate knowledges regarding the 
eflect of age upon wine. The w'ines were both samples of Tort. The one 
100 years old had a large deposit of colouring-matter, and was yellow ; the 
colour of the second sample was dark, but yet lighter than that of new 
wine. The results of the analyses are as follows : — 


Tort wine, Port wine, 

100 y earn old. 45yearftola. 


S|)ecific gravity (at 10" C.), . . . . 

•988 

•991 

Total residue at 100" C., . 

3-36 

5-30 

Sugars, reducing, 

1-25 

315 

Sugju's, after the action of dilute acid, 

1-29 

3*68 

Aci<l, calculatod as tartaric acid, grins, jier litre, 

6-17 

6*46 

Tartaric etiicv, 

1-11 

1-17 

(;ream of tartar 

•27 

•42 

Alcohol, ])cr cent ... 

15 •O 

16*1 


The analyses of the deposits gave the following results ; — 



Wtne, 

lOO years old. 

Wine, 

4ri years old. 

Sugar, ifiduciug, 

. 1*25 

3-16 

Caiio-sugar, 

•04 

•.'53 

Pure acids, 

•51 

•,V2 

Acids as etliers, 

•27 

•28 

Cream of tartar 

•03 

•04 


2-10 

4‘.'52 

Glycoiin and other matters, . 

, 1*16 

•98 


This^esearoh of Berthelot’s, as well as the more recent investigations 
of Schmidt, show that there is a gradual deposit of the colouring-matter, 
and that some of the sugar has disiippeared fi'om the old wine, which gives 
a smaller residue. Cane-sugar is practically absent in the sample 100 
years old, a fact which Berthelot interprets as oonfirmaU^ry of his observa- 
tion of the sl(/w invertive action of inorganic acids on cane-sugar. The 
alcohol is lower in old wines than new, and the acidity tends to diminish, 
the acids combining with alcohols to produce esters. The experiments of 
gy also be here cited, from which it appears that in wines of 
Ijjath^ -tannin decreases tlirough age, while the glycerin in- 

adulterations of wine are as 
wwi^SL?Watcring, fortifying with spirit, fortifying and watering, the 
addition of various fermented liquids, such as wines of low value to those 
of hiLh value — that is to say, alcoholic liquids made from the fermentation 
of glucoses or various sugars, or wines made from raisins or figs to wines 
made from the grape— the mixing or blending of wines (this may be a 
necessary operation in some cases, m others it takes the form of sophistica- 
tion, when wines of higher quality ar*. mixed wdth wines of low quality and 
sold a& wines of the higher quality), plastering, the addition of bitartrate 
of potash and ethers (such as oenanthic ether) to give a fictitious appearance 
of age, the addition of alum to brighteu the colour, the artificial colouring 
of wines, the addition of antiseptics (such os salicylic acid), and the addition 
of fiuohorates or flnosilicates. 

§ 320. The Analysis of W'we.— The analysis may be divided con- 
veniently into : — I., Physical characters ; II., the estimation and qualitative 
detection of constituents volatile at or below 100’ C. ; III., estimation and 
1 CmyUa JRefidus, Ixxxviii., 1879, 626. * Die Weine, Berlin, 1898. 
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identification of matters not volatile at 100" C. ; IV., the estimation of the 
total constituents of the mineral matters of the ash, and, similarly, the 
identification and estimation of the separate constituents of the ash. 

I. Physical Characters, — ^Tiiis embraces the specific gravity and the 
action on polarised light. 

II. Constituents Volatile at or heloto 100" C. — This embraces the estima- 
tion of alcohol, volatile esters, sulpliurous acid, aldehyde-sulphurous acid, 
volatile acid, and, as far as practicable, the identification of the constituents 
comprised under those names. 

III. Constituents not Volatile at or below 100" C. — This embraces total 
extract,^ total fixed acid, free tartaric acid, sugars, potassic tartrate, fixed 
esters, glycerin, potassic sulphate, tannin, and colouring matters. 

IV. The Ash. — Special processes may be required for the detection and 
estimation of some of the adulterants mentioned. 

The Table LI. gives, according to this plan, the results of the analysis 
of a number of wines of considerable age and high price analysed by 
Dr. CJonrad Schmidt.^ The Table LIT. gives a number of analyses by 
Dr. Dupre. 


I. PnvsioAL Characters. 

The specific gravity and polarimotric estimations are made on similar 
lines to those already detailed under ‘ alcohol ’ or ‘ sugar.' * * 


11. Constituents VorATiuB at or Below 100" C,® 

Alcohol, — Wines, in regard to their alcoholic content, may be divided 
into two classes — viz., natural wines, the strength of which has not been 
increased by the addition of spirit \ and fortified nmes, such as those of 

^ E. Rieglor {Zeit. f. anal. Chemit, 1896, 27) has published an easy and rapid method 
of dotorniining the amount of alcohol and extract in wine. The re&action is taken 
* the wine by means of an Abbe’s or a Pulfiioh’s refractomeier ; the alcohol is nezj: 
of by boiling a measured quantity ; after cooling and making up wlj^,’,. > 
original bulk the refraction is again taken. He finds that a gramr , ^ 

C.C. of wine raises the refraction beyond that of water 0*00145, and i * rT 

100 o.c. of wine raises the refraction 0*00068. If N = the refraction In otner 

wine ; a, the refraction of the distilled pure water a + b, the refractions. 

fi*eed from alcohol and made up to the original volume, then — alcohol in ^ 

. . P‘00068 

grms, per 100 o.o. of wine and extract in 100 o.c, wine. 

» “Die Weine des herzoglich nassauischon Oabinetskeller,” by Hofrath Dr. Conrad 
Schmidt. Berlin, 1893, 

3 The Gunekal Pkocesb of J. Nesspeb and M. Babth {Zeit. anal, Ohem., 
1882, 48). 

Solid Residue.— -Ihe authors evaporate two separate quantities of wine, the one with 
the addition of a measured quantity of titrated baryta-water, the other without any 
addition; the baiyta-water mixture is dried at llOMlfi** 0, for eight hours — the 
^ addition fixes volatile acid and glycerol. The second, portion is simply t&ied at 100'’ 0. 
in a current of dry air ; the difietence between the two determinations, correction being 
made for the baryta, rejireeonts glycerol and volatile add. 

■JSfects on Polarised i4j7A<.-~Neubauer has shown that perfectly fermented wine 
scarcely polarises light, but if the wine has been imperfectly fermented the plane of 
.polaimtion is turned to the left On the oHier hand, wines sweetened with potato-snoar 
contain a considerable proportion of dextro-rotatory non-fermentoble substances. T^ 
dextro-rotatory substanoes natural to wine are insduble i^ strong alcohol, whilst the 





TABLE LI.— Giving the Chief Resui.ts of Sohmidt’s ANAiiYRF.s (188fi-1892) 

OF CERTAIN FlNE AND EXCKI*!’ ION ALLY VALUABLE OlD WiNBB. 


Parts by weight per litre. 



Iloch. 

Htcin- 

Afarko* 

Kndes* 


eimor. 

bolder. 

bruiiuer. 

heimer. 


0 samples. 

19 samples. 

7 samples. 

1 1 samples. 


a70ti-186S). 

(1811-1873). 

(1822-18(«). 

(1831-1880). 

Physical Characters. 





sped lie gravity. 





Min., .... 

0-9981 

0-99S2 

0-9983 

0-9963 

Max 

1-0044 

1 *0025 

1-0018 

1*0026 

Mean, 

Polari8atiou--200 mra, tube. 

10105 

0*9990 

0*9997 

0*9995 

(Expressed iii 'Wild’s degrees.) 
Min., 

+0-16" 

+ 0‘0.')‘’ 

+ 0*80“ 

+0*05“ 

Max., 

+0-49'’ 

+ 1-60“ 

+ 1-32“ 

+ 1-66“ 

Mean, 

+0-33“, 

+0-39“ 

+0-69“ 

+0*46“ 

Constituents volatile below 





100° c. 





Alcohol. 





Min.. 

37-6(1706) 

48*7 

49-4 

46-9 

Maxf, 

76*7 

92-9 

90*0 

93-6 

Mean 

56*3 

677 

74*4 

717 

Volatile Esters. 





(Expressed in c.o. of d. n. KUO.) 
Min 

27-6 

17*2 

16-0 

27-2 

Max., 

50-4 

48*0 

49-2 

60-4 

Mean 

Aldehyde-sulidmrous acid. 

32-6 

327 

34*4 

86*8 

(In gnus, of BO 2 .) 



.... 

0-0.^9 

0-223 

0*0(59 

0-246 

0-069 

0'214 

0-077 

0-'J60 

idiiicdy iJtcetic add.) 

0125 

0*170 

0*172 

0*160 

rTTax 

1-01 

1*10 

1*20 

1*04 

2-82 

2-42 

2-15 

2-29 

Mean, 

1-44 

1*52 

1*67 

1*47 

Constituents not volatile at 





100“ C. 





Extract. 






26 '43 

20-98 

23*48 

21*80 

Max., . . ■ • . 1 
Mean, • • • . i 

27*79 

42-31 

44*06 

47*37 

27*60 

29*6 

3178 

30*54 

Total Tartaric acid, { 




Min 

2*31 

1-74 

2*03 

1-80 

Max., . ... 

8-96 

8 -32 

3-09 

3-16 

Mean, 

Free Tartaric acid. 

272 

2*51 

2*26 

2*46 

Min., . . • . . 

0*63 

0*61 

0*39 

0*89 

Max., * • . • • 

1*35 

1*02 

072 

1*41 

Mean, • • • • . 

0-84 

071 

0*67 

071 
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TABLE lA.-'-eonHiiued. 



IToch- 

eiracr. 

9 samples. 
(i70e}-lSC8), 

Steln- 

liorger. 

19 sain pies. 
(18n-lS73). 

ISIarko* 

hniuner. 

7 samples. 
(1822-18(}S). 

Elides* 

lieimer 

11 samples. 
(1831-1S80). 

Constituents not volatile at 





100“ (j.—continwAh 

Total fixed acid reckoned as tar* 
taric acid. 





Min,, 

2*97 

4-10 

413 

3-80 

Max., 

5-94 

6-44 

5-J6 

.5-40 

Mean* ..... 

4*62 

4*62 

478 

4*67 

Tannin and colouring niatlera. 





Min., 

019 

0-22 

0-23 

0-16 

Max 

0*71 

0*45 

0-68 

0-66 

Mean, ... 


0*36 

0*42 

0*28 

Fixed eKtcr. 




(Expressed in c.u. of d. n. Kilo.) 





Min 

1341 

144-4 

128-4 

118-8 

Max 

2.57 -6 

488-8 

446-4 

4*16 0 

Mean, . . 

188*7 

233*9 

268*5 

231*8 

Glycerin. 





Min., ..... 

13-06 

10-51 

11-70 

9-79 

Max., 

1.5-81 

18-76 

22-55 

24*46 

■ « « • 9 

12*62 

14*64 

16-29 

14*63.' 

Potassic sulnliute. 





Min., ..... 

0*76 

0-59 

0*44 

0-47 

Max., 

1-63 

119 

1-52 

. ]*20 

BI 02 III 1 f * « • 

116 

*86 

078 

073 

Min., 

219 

1-78 

213 

1*87 , 

Max., 

2-67 

2-59 

2-45 

2 ’60 

Mean, 

2*55 

2124 

2*26 

2*23 11 

Numeuioal Relations of oeetain Constituents. 

)f 

^ method 

Glycerin; Alcohol. 

(Alcohol = 100.) 

Min 

15-9 

16 0 

18 

1 taken 

1 i***-*^- 

Max., 

30-7 “ 

32-3 

« 6 


Mean, 

23*6 

21*6 

Tn 

Volatile acid : Total acid 



(Total acid -=100.) 

Min 

15-6 

12-6 

18-2 

16-7 

Max., 

34-8 

38-4 

81-6 

31-3 

Mean 

217 

23*4 

25*8 

22*2 

Volatile ester to alcohol. 




(Alcohol = 100.) 

Min 

52-9 

33-6 

17-4 

41*6 

Max., 

64-7 

61-7 

69-6 

64-0 

Mean, 

66*3 

487 

49*6 

52-3 

Volatile ester to volatile acid. 
(Volatile acid =1.) 





Min., 

18-2 

I 6 D 

9-5 

21-9 

Max 

26-3 

30-0 

29-5 

34-0 

Mean, 

22*8 

22*2 

20*9 

257 

Total ester to total acid. 

(Total acid=l.) 





Min., 

21-5 

29-9 

24*6 

26-6 

Max., 

46-2 

73-8 

63*8 

69-2 

Mean, 

33*3 

41*4 

417 

40*6 
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WINE. 
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Spain and Portu^^al, which absolutely require the addition of a certain 
amount of spirit to preserve them. Natural wines' contain as a minimum 
6 per cent., and as a maximum a little over 12 per cent., of absolute 
alcohol by weight. Even under favourable conditions scarcely more than 
15 per cent, of alcoliol can be obtained by fermentation. The percentage 
of alcohol in fortified wines depends, of course, entirely on the operator ; 
it appears to range usually from 12 to 22 per cent, by weight. The 
alcohol is returned as ethylic, but there are always traces of the higher 
liomologous alcohols — e.iy., propylic, butylic, and amylic. It would be 
liighly desirable to have a number of determinations of the higher alcohols 
in genuine, and sophisticated wines ; this has never yet been done on any 
scale. The methods to be followed differ in no essential way from those 
already detailed at pp. 393-397. 

§ 321. Volatile wines possess an acid reaction, due to 


impurities in {jotato-sngar are mostly soluble in the same. Nesslor and Barth have 
modified Neubauer’s process as follows : — The wine is evaporated to one-fifth of its bulk ; 
the tartaric acid is separated by precipittitioii with potassium acetate ; 90 per cent 
alcohol is next added to complete precipitation ; the whole is filtered, and the filtrate 
mixed with ether ; all optically active substances will now be found in the lower 
stratum. 

C/doKwe.— The proportion of chlorine in ^.nuiiio wines lies between *002 and ‘0028 
per cent., and never exceeds '006 per cent. ; it should not bo estimated in the ash, but 
directly in the wine. ^ 

60 C.C. of the wine are acidulated with nitric acid, an excess of standard silver 
solution added, and then staudaid thiocyanate solution is run in until a drop of the 
liquid, when mixed in a plate with ferric sulphate, fti’st shows a pink coloratioi^ 

EstiviatMm of Free Tariark Add , — 100 c.c. of the wine are evaporated to a thin 
syrup, and mixed with alcohol so long as a precipitate appears. The cream of tartar, 
after a few hours’ standing, is separated. To the filtrate, from to 2 c.c. of calcium 
tmetate are added. Wines destitute of free tartaric acid show no turbidity. Any 
woighable quantity of acid- tartrate is, after standing, filtered off. 

Citric jlcid. ^hi falsified wines citric acid is sometimes met with. 

100 c.o. of wine are evaporated to 7 c.c., and precipitated with 80 per cont. alcohol, 
and filtered. The filtrate is partly neutralised by milk of lime, and the filtrate from 
, this is diluted to the original bulk taken, viz., 100 c.c. About 1 c.c. of a cold neutral 
saturated solution of Ictm acetate is added, and the precipitate (containing phosphoric, 
sulphuric, tartaric, and part of the malic acid) is collected, decomposed with hydrogen 
sulphide, and the solution of the free acid rendered alkaline with lime. The calcium 
phosphate is separated by filtration, the filtrate is slightly acidified by acetic acid, 
tartrate of lime separating. From the filtrate, calcium citrate Beparau''s on p^Iouged 
boiling. On drjdng at 100" 0. , it is weighed— (CgHgOiy)^ C*u + 4H..O. 

^ The acids in wine are estimated by C. Schmidt ana 0. Hiepo {Zeits. fUt 
Chmie, xxi., 634-, 641) as follows;— 200 o.c. of wine, concentrated by evaporation to 
half, arc pi'ecipitated by basic lead acetate. The precipitate is Mtcred off, suspended in 
water after being well washed with cold water, aha then decomposed by SHg. The 
solution of the acids thus obtained is filtered from the load sulphide, concentrated to 
50 C.O., neutralised with KHO, and still further concentrated. An excess of a saturated 
solution of calcium acetate is then added, and the whole allowed to stand for several 
hours ; the precipitate of calcium tartrate is then filtered, washed, ignited, and the 
alkalinity titrate with standard hydrochloric acid. The result is. oalonlated into 
tartaric acid, a ooiTection of ‘0286 gym. being added for the solubilily oidoiam tartrate. 
The filtrate from the culcinm precipitate is again ooncontiated to 20-30 0 . 0 ., and 60-90 
O.C. of 90 per cent, alcohol added. The precipitate consists of calcium malate, succinate, 
sulphate, and a small quantity of calcium tartrate. It is filt^^ed off, dried at 100" C., 
and weighed. It is then dissolved in the minimum quantity of hot dilute hydrochlorio 
acid, slightly alkalised by potassium carbonate, and the precipitated calcium carbonate 
removed by filtration, iiter neutralisation by acetic acid, i£« filtrate is concentrated 
to a very small bulk, and precimtated hot barium chloride, which tlu^ws down 
barium succinate and sulphate. The ]neclpitate is treated with hot dilute hydrochloric 
acid, which leaves, the barium shtphata unoissolved, and which therefore can be filtered 
off, ignited, and weighed. To the hydrochloric solution of birium suocihate, a suifident 




acidSj which are convenienwjr uiviuuu mw vuiuvno auti j^jed. Dr, Duprd 
puts the amount of volatile acid, expressed in terms of acetic acid, as 0*3 
to 0*6 per cent, by weight in volume. About one-fourth of the total 
acidity in white natural wines should be due to volatile acids, and in red 
and fortified wines the volatile should not amount to more than aboul 
ftne-tliird of the total acidity. The non-volatile acids appear to be ohieflj 
toalic and tartaric (sometimes part of the tartaric being replaced bj 
’succinic) ; the former, according to Duprd, predominating in pure natural 
^ines, and largely so in fortified liquoi-s ; whilst in plastered wines it is 
often present to the total exclusion of tartaric acid. 

In artificial wines, it is common enough to find a considerable amouni 
of free tartaric acid ; but the mere detection of free tartaric acid is nol 
enough to prove adulteration, since this is found in small quantity in man] 
natural wines. If, however, with a small amount of free acid there is i 
preponderance of tartaric acid, then sophistication may be suspected. 1 
lias been suggested that such free acid may be recovered from the wim 
by agitation with ether, but J. easier, in a direct experiment, could onl; 
recover 3*93 per cent, of the free tartaric acid present when the wine wa 
directly treated with ether ; 25 per cent, when the wine was evaporate( 
to a syrup. He recommends the following processes : — 

The wine is agitated with tartar and divided into two parts, to one c 
' v/hich a few drops of concentmted acetate of potassium solution is added 
an^ the mixture carefully observed, noticing whether any tartar crystal 
form. Errors are avoided by comparing the one portion to which a fe^ 
Irops of the potassium acetate has been added, with the other portion t 
vhich uo» acetate has been added, the separation of the tartar crystal 
Doing a proof of free tartaric acid in the wine. Free sulphuric acid ma 
detected by means of the methods described in the article on Vinegar. 
The chief volatile acid is acetic ; white German and French win( 
jeldom contain more than -8 grm. per litre of volatil(‘ acid reckoned £ 
icetic, and red more than 1*2 per litre. Red wine containing as much i 
I ’6 grm. per litre is considered sour and unfit ; it is, therefore, curious 1 
find that the very high-class wines in Table LI. may yield as much i 
2’15 to 2*42 per litre. 

The general method of estimation is to take from 10 to 20 c.o. of tl 
wine suitably diluted, and titrate with d. n. soda, using tincture of logwoc 
as an in dicjy ^ilflEirenFesult being the total a(*4dify. On now cvaporatic 
water-bath to a syrupy extract, diluting and aga; 
Rtrating, the loss of acidity corresponds to the volatile a^id^ the latt 
being expressed in terms of acetic acid, the non-volatilc as tartaric aci 
L. Weigert ^ has shown that by distilling in a vacuum, the whole of tl 
iicetic acid can be obtained ; 40 or 50 c.o. of the wine are in this wi 
boiled to dryness, water added to the iry residue, and the process thri 

repeated. l 

A method of diagnosing and estimating volatile acids .has been propos 
by E. Duclaux, based upon the more or less -egular way in which volat 
acids distil each after its own manner, and the estimation of acidity 

Quantity of sulphuric acid is added to precipitate the barium as sulphate, and from 1 
weieht of the latter the amount of succinic acid is calculate, 238 of 13aS04=»118 
r II Oa The weights of the sulphuric, succinic, and tartaric acids are calculated 
calcium salts, and subtracted from the weight of the lime i)recipitate, the difference bei 
reckoned as malate, 172 iiarta of calcium malate - 184 malic acid. 

» Seitich. filr anai^iA 1879, 207. 
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successive fractions of the distillate. This was described in detail in a 
former edition, but the method has not found favour among practical 
chemists and the accuracy of the calculations has been questioned.^ 

Defp.rfimi <m<1 ICxtimation of Free tiulphurous Add and of Aldehyde- 
mlphurom And . — Dr Conrad Schmidt has shown that when a wine is 
sulphured the sul})hurouB acid gradually disappears, a small part being 
oxidised to sulpliuric acid, the larger part uniting with aldehyde. Accord- 
ing to Schmidt free sulphurous acid is injurious to health, whereas a fair 
proportion of aldehyde-sulphurous acid csin be taken without any injury 
whatever. The limit for free sulphurous acid on the Continent is 20 
jiigrms. per litre. Schmidt has devised a process of estimating free 
sulphurous and aldehyde-sulphurous acid. 

A stream of carbon dioxide is led into a 100 c.c. flask, and when the 
air has been displaced 60 c.c.. of the wine are added, 5 c.c. of sulphuric 
acid (1:3) and a little starch solution. A decinormal solution of iodine 
is dropped in until the blue is permanent, and the number of c.c. of iodine 
used is translated into sulphur dioxide, each c.c. of decinormal iodine 
solution being e(pial to 2'3 mgms. of SOg. 

This determination gives the sulphurous acid existing in a free state. 
Tn a 200 c.c. flask, 25 c.c. of KIIO solution and 60 o.c. of wine are mixed, 
and after standing fifteen minutes 10 c.c. of sulphuric acid (1 : 3) and a 
little starch ani added, and the liquid titrated as before. The result is 
total sulphurous acid, and by subtracting the amount of free sulphuuous 
acid from the total, that which lias been in oombinatiou with aldehyde is 
known. 

It is, therefore, only now wine which is likely to have any free sul- 
phurous acid ; in old wine the sulphurous acid will be in combination. 

§ 322. Edmaiion of Eders in Wive . — The comjx)und esters in wine 
may be divided into volatile and non-volatile. The volatile esters give the 
bouquet or odour, the fixed esters the taste to wine. The proportion of 
volatile to fixed esters is very small in unfortified wines, but the reverse is 
the case with foj’tified wines. The total amount of esters is extremely 
small ; Dr. Dupre gives about one part of compound ester in 300 parts of 
wine as the highest proportion ho has yet met with. The esters them- 
selves are, of course, derived frani conversion of the alcohols, the ultimate 
amount depending entirely on the relative proportion of alcohols, acid, and 
water present, and not being dependent on the nature of the alcohols or 
acids. If, as sometimes happens, an excess of compound ester is added to 
a v.'ine, decomposition will at once begin, until ultimately the wine will 
contain no more than it would otherwise have reached in the natural order 
oi things. An estimation of the esters is, therefore, of the greatest possible 
importance, as it enables the analyst to judge of the age, character, etc., of 
the wine. 

Berthelot has given the following formula for the calculation of the 
amount of alcohol present in the compound esters of wine ; — 

= A + 2*28 


A is the percentage of alcohol by weight in the wine j a the amount of 
alcohol equivalent to the total free acid (reckoned as acetic) contained in 1 

t See a iiaper by Mr, Droop lUobinond, Analyst^ September anti October, 1895. 





litre, i^sstho proportion per cent, of a present as compound ether in 
litre when the alcoholic strength is A. x — alcohol present in oompou 
ethers of wine. It hence follows that if the amount of alcohol present 
ester, found by experiment, fairly agrees with the calculated amou 
etherification is complete, and the wine must be of a certain age ; if i 
compound esters exceed the proper amount, the probability is that it is 
artificial w'ine ; and, lastly, if the amount of esters is below the theorcti' 
statidard, eitlier etheritiwitiou is not complete, on account of its youth, 
alcohol has been recently added. 

Since in small quantities of wine the esters cannot be satisfactor 
identified, Dr. C. Schinidt’s method of expressing the esters in terms 
decinormal alkali is to be recommended. The wine is first carefu 
neutralised and 100 c.c. are distilled until the distillate measures 90 c.i 
the 90 c.c. are made up to 100 c.c. by the addition of distilled water; 
c.c. of the 100 arc made up to 50 c.c. by the addition of neutral absob 
alcohol, 25 c.c. of d. n. soda added, and the whole allowed to stand for 
hour; the alkaline li(juid is then titrated, using phenol-phthalein as 
indicator, and a certain loss of alkalinity owing to the saponification of t 
volatile esters will be found ; this difference is returned as so much volat 
ester in terms of decinormal alkali ; by treating quite similarly t 
r esidu e in the retort the fixed esters are estimated. 

" TttTfTietermiuatiou of the volatile esters is more important than that 
tfce fixed esters, because tlie boiujuet and properties of a wine are depende 
to a considerable extent upon the nature and amount of these esters. I 

Scbiuidt claims to have synthetised an ester which, added to you 
wine, gites it the same flavour as an old wine, but no details of his t 
periments have been published. Without a doubt, certain essences us 
by the wine producers are rich in volatile esters. 

It is, however, only by an intimate knowledge of the amount of volat 
chters which a natural wine may possess at different periods of time th 
it is possible to be certain of the fraudulent addition of esters. 


III. Estimation and Identification op Matters not 
Volatile at 100“ C. 

§ 32Il^^BTniXCT oft Solid Df-^idub. — The dry extract in pure natui 
wines iajmally given as from 1*5 to 3 per cent., some of the Rhine win 
u H 4Mrioubted purity give, however, an extract of nearly 5 per cent. ; tl 
presence of sugar in fortified wines may raise the extract to 6*0 or 10 p 
cent. The solid residue may be taken by simply evaporating 10 c.c. 
dryness, which can be done rapidly without any decomposition of the solii 
by using a large flat platinum dish, aid thus spreading the 10 c.c. out 
a thiu layer. This method is, however, somewhat inconvenient, and cau 
a loss of glycerin ; therefore the indirect process for beer, given at p. 4 
may he employed instead, wine extract bein^ considered equal in dene 
to malt extract.! gut in wines containing much ash (since the mine 
constituents of the latter seriously affect specific gravity, containing i 

1 See also Riegler’s method (p. 444). A. Gautier (Annalea d'ffygUrw PuUig'M, xh 
118 1877) haa recommended in all cases the evaporation of 6 of wine on a 
iui ta . ^ithoatthe appUctioa of Thia mo tok«t 

two to six days, according to the temperature, Af 

annlicable for technical purposes ; but it is evident that a heat of 30 0., whilst gr» 
expediting the process, would in no way impair its aocuiacy. 



given specific gravity about twice as much substance in solution as a sugar 
solution of the same gravity), it is necessary to subtract from the per- 
centage of extract thus estimated, the percentage of ash found in the same 
wine ; or if the amount of extract without the ash is required, twice the 
percentage of ash has to be subtracted from the percentage found. Duprt) ’ 
and Thudichum give the following examples : 


Rosbnthalrk, 1850 (£15 Ohm). 

Sl>ocifio gravity of de-alcoliolised wiiio, 

J^cjicf'ntage of oxtiact (seo table, p. 420), . 
Perc.eiitago of ash found, .... 

Per cent. 
1016*48 
4*122 
0*170 

Total solid constituents, 

To find total solids minus ash, subtract again . 

3*9.52 

0*170 

Total 8(tlid constituents, 

3*782 

Shkury, 1865. 

Sj)fciric gmvity of de-alcoliolised wine, 

Percentage of extract from s}M3cific gravity (seo 

table, p. 420), 

Percentage of ash found, . ... 

1017*87 

4*467 

0*515 

Subtract ash, 

3*952 

0*516 

Total solid constituents, 

3*437 


H. Hager, 1 after evaporating off the alcohol, and making up the wine 
to its original volume by moans of water, determines the amount of extract 
from the following tivblo, which is based on his own experiments, and differs 
a little from the malt extract table, p. 420. 

TABLE LIII. 


Per cent, of 
Extract. 

Specifle gravity, 
ir*o 0 . 

Water al'OOO. 

Per cent, of 
Extract 

Specifle gravity, 
l.r-0 C. 

Water =1*000. 

Per cent, of 
Extract. 

Specifle gravity, 
16*'0 C. 

Water =1*000. 

- 0*60 

1*0022 

6*26 

1*0239 

10*00 

1*0461 

0*76 

1*0034 

6 -.50 

1*0251 

10*25 

1*0473 

TOO 

1*0046 

6*76 

1*0263 

10*60 

1*0485 

1*25 


6*00 

1*0*274 

10*76 

1*0496 

1*60 

1*0068 

6*25 

1*0286 

11*00 

1*0608 

1*75 

1*0079 

6*60 

1*0298 

11*25 

1*0520 

2*00 * 

1*0091 


1*0309 

11*50 

1*0532 

. 2*25 

1*0102 

7*00 

1*0321 

11*76 ' 

1*0544 

2*50 


7*26 

1*0332 

12*00 

1*0565 

2*76 

1*0125 

7*50 

1*0343 

12*26 

1 *0567 

8*00 

1*0137 

778 

1*0355 

12*60 

1*0.579 

8*26 

1*0148 


1*0867 

12*75 

1*0591 

3*50 

1*0160 


1*0378 

13*00 

1*0603 

8*76 

1*0171 



18*25 

1*0614 

4*00 

1*0188 


1*0402 



. 4*26 

1*0194 


1*0414 



4*50 

1*0205 


1*0426 

14*00 


4*76 

1*0216 


1*0437 

14*25 


5*00 

1*0228 


1*0449 




[N.B,— The specific gravity increases or diminishes *00024 for each degree,] 


^ Chm. Cim/r&L, 1878, 415. 
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The extract and amount of alcohol being known, it is, in certain in- 
stances, possible to detect the waUring of wine, although such a diagnosis 
can only be made when the analyst is intimately acquainted with the kind 
.of wine under examination, and in some coses with tlie characters of the 
particular vintage. 1’ho Bordeaux wines, according to Girardin and 
Pressior, give almost always the same amount of extract, varying only 
wdthin the limits of 20 to 20*8 grms. the litre; and the proportion of 
alcohol also is fairly constant — viz., from 6 to 15, the mean being 10 per 
cent. From these data they calculated the amount of genuine wine 
present in any samples. Thus, supposing the extract in a l^ixleaux wine 
to be 14*5, then 


^ 0 (^ 1 ^ 

20*9 


=x, or 726*00 


f.e., the litre contains 726 c.c. of wine, the rest being alcohol and water. 
To know the quantity of alcohol added, it is necessary to ascertain how 
much the 72*5 parts of wine contain of absolute alcohol ; 

100 • 10 : ; 72*60 : x 
a; = 7 **25. 


Tf the absolute alcohol is found, for example, to be 11, then, subtracting 
7*26 from 11, it is supposed that 3*75 of alcoliol has been added. 

That this process, as applied to the Bordeaux wines, is in the main 
correct, is supported hy the fact that the Rouen wiue-rncrchants have 
frequently .paid duty on the excess of alcohol, etc., which Gii-ardin and 
Pres.si or found in their wines.^ 

Jjj the Municipal Tjaboratory, Paris, the chemists determine the water- 
ing and fortifying of wine by a calculation of the relationship of what they 
call ‘ the reduced extract ’ to alcohol. 

The ‘ reduced extract ’ is the total extract diminished by the number of 
grammes less 1 of the potussic sulphate and reducing sugar ; thus, if the 
total extract should be 29*7, the potassic sulphate 3*1, and the sugar 4*6 , 
2*1 + 3*6 « 5*6; and subtracting 5*6 from the total extract gives the 
reduced extract as 24*1. The weight of the alcohol for red wines they 
con sider should not exceed four and a half times the extract, and when this 
relation is exceeded the wine has been fortified. To determine this relation, 
the alcohol by weight is divided by the reduced extract. 

,, For white wines the relation between alcohol and reduced extract is 
fis^ at 6*5. Wines w*atered down and then the alcoholic strength brought 
,w\y the addition of alcoliol are deteeb d in the French Laboratory as 
; — 

' In all normal wines the sum of the alcohol per cent, by volume added 
'^^fot xl acidity per litre (alcohol-acid number), calculated as sulphuric 
seldom below 12*5. Water lowers this number, alcohol increases it. 
men, the relation of the alcohol to the reduced extract is obtained ; 
jceed 4*5, then by calculation on the standard of 4*5, the amount of 
il that the natural wine may be supposed to have had originally is 
vuCained ; and the difference between this and the amount found represents 


> lu Paris a commercial standard has been arrived at, based on the analysis of 6000 
samples, and it is laid down that the amount of added water in all wine wliich is not 
sold as being of any sitecial braikl, shall be calculated on the basis of 12 ))ercent. of 
alcohol by vclume, and 24 grms. of dry extract per litre.” 
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the alcohol added. Next, the alcohol-acid number is obtaincxl, and if this 
is below 12 ’5 the presumption is that the wine has been watered. 

An example will make this clear. A rod wine gave the following : — 


Di-y extract iMii* litre, 14 *2 

j\cidity per litre 3*100 

Alcohol ])er eeul. (volimio), 10*0 

The relation by weight of alcohol-extract, , . = 9 *01 

The alcohol-acid number, =19*1 

Now calculating on a standanl of . . . . 4*6 

Natural alcohol in the wine, . . 14*2 x 4*5 = 03*9 

Reducing this by dividing by 8*0, the volume of 

alcohol is equal to ' 7 *99 

Alcohol in excess, . . . . 16 - 7*99 = 8*01 


Alcohol -acid figure, 


.7*99 -h 3*1 = 11*09 


Hence, the alcoljol-cxtratsL number being siipciior to 4*.^ and the corrected acid- 
alcohol number being below 12*6, tliere is a presumption of both watering and 
fortifying. 


This calculation being the results of prolonged experience with regard 
to ordinary wines is a fairly safe guide to the nnaJyst ; but wdth regard tc 
certain exceptional wines caution must be exercised in the interpreUtioi] 
of results.^ 


g 324. Estmation of Snecinic Arid and (dlyrnnn . — Half a litre to a 
litre of wine is dccolm-ised with animal charcoal, filtered, and the charcoal 
well washed with water; the filtrate and washings are then evaporfted 
down in the w^ator-bath, and the drying finished in a vacuum. The 
residue, when dry, is treated with a mixture of 1 part of strong alcohol 
and }jarts of rectified ether. The latter is driven off by boating the 
dish in wann water, and the whole evaporated again on a water-bath 
The residue is now neutralised with lime-water, which combines with tb( 
succ'iiic acid, and forms succinate of calcium. The glycerin is dissolved 
out by alcohol and ether, and w’eighod either directly or by loss. Th( 
succinate of calcium remaiiiiiig behind is impure, and should be wel 
washed with spirit before weighing. Every 100 parts of calcic sucoinuti 
.equals 75*64 of succinic acid and since Pasteur has showi 

that 112*8 parts of grape sugar (107 of cane) yield about 3*6 of glyoerii 
and 0*6 part of succinic acid, it follows that in a natural wine the glycerii 
would aintmnt to about one-fourteenth part of the alcohol present.^ 


It has, indeed, hitherto been generally accepted that for every 100 parts of alooho 
there should bo not loss than 7 nor more than 14 of glycerin, and it lias been held tliQi 
deviation B from this standard mean addition of alcohol or glycerin ; but the highos 
quality of the Rhine wines (Table LI.) vary between 16 and 31 parts of glycerin/ 1 
100 of alcohol, and, therefore, the views hitherto hold demand moefinoation. ’ 

* E.‘ Egger deU'cts the watering of wine by the pivsenoo of nitrates, the grape 
slated to bo absolutely destitute of nitrates ; white wines are evaporated to a syrup a 
alisulute alcohol added ; so long as it produces a cloud the mixture is filtered, decolorise, 
and tested with diphenylaniiue and sulphuric acid. Red wines are precipitated with letu 
acetate and then magnesium sulphate added before evaporation [Chem, Centr., 188S 
71, 72). 

* According to E. Rorgmann {Zeii4€h. fUr anal, Cheinie^ xxii., 68-60) the ratio c 
glycerin to alcohol in pure wines is never less thah 7*3 : 100. Analyses of white wine 
by R. Fresenius and £. Borgmaun give the following ratios of glycerin and alcohol w 


Alcohol. Olycerln, 

Maxiinmw, 100 : 14*4 

Minimum, 100 ; 7 '3 

Mean, . . . , , , lOQ ; 13*4 

\ZeiLf, ami, Chmit., xxiii., 4^, 


Schmidt 1 evaporates a known bulk of the wine with hydrated calcium oxide, extracts 
the residue with 96 i>er cent, alcohol, evaiK)rate8 the clear filtrate, (lien dissolves this 
last residue in 15 c.c. absolute alcohol, precipitates with 25 c.c. of other, filters and 
evaporates the alcohol-ether solution, and, after one and a-half hours’ drying, weighs, 

Stierlin® evaj)orate8 tho liquid without any addition to one-fifth or one-sixth of its 
volume, extracts with hot absolute alcohol, and uses this alcoholic extract for the 
estimation of the sugar, non-volatile acids, hitter matters, alkaloids, and glycerin. For 
the estimation of the last, a measured portion of the alcoholic extract is freed fi’oin 
alcohol by evaporation, and then evaporated down to dryness with slight excess of 
caustic lime. The glycerin is extracted either with alcohol and ether (2 : 3)^ or with 
alcohol and chloroform. (See also the process for extracting glycerin from beer, 
p. 426.) 

Raynaud has pointed out that although the processes in use for the estimation of 
glycerin arc fairly exact, yet with plastered wines too high results are obtained ; for if 
there is any considorablo amount of sulphate of potash, it is decomposed Jay lime, and 
hydrate of j)otash is formed, which is dissolved by glycerin in the prestmee of alcohol, 
and is weighed with it. lie therefore recommends the following process The liquid 
i iperated U[)on is evaporated to about oiio-fifth of its volume, and ilio potash precipitated 
by hydi-ofluosilicic acid and filtered. The filtrate is made weakly alkaline by the 
addition of hydrate of baryta ; sand is also added, and the mass is evaporated to dryni'SH 
in a vacuum ; the dry residue is then extracted with a very large volume of absoluh' 
alcohaJ and ether, as much as 300 c,c. for 250 o.c. of wine being recommended. Witli 
tlie improved iirooesscs of extraction which wo now possess, however, this is quite 
unnecessary, and 50 to lOO c.c. in a Soxhlet’s apparatus (see p. 49) will have quite llie 
same ctlect as a much larger quantity. On the evaporation of the alcohol and ether, 
the glycerin is allowed to stand for twenty-four houra in a vacuum over phoaphori<? 
anhydride ; finally, it is put into a tube, a perfect vacimin formed, and distilled into 
tlft cool part of the tube by a temperature of 180" 0. 

I'robably the best method of estimating glycerin is to separate it from most volatile 
substances l)y distillation in a vacuum, and then to oxiaise it into oxalic acid, as 
described i*nder the article * Butter’ (p. 800). A. Partheil * effects this iu the following 
iiianiier 60 c.o. of the liquid to be examined, first neutralised by adding a little 
calcium carbonate, are eva|)omted down to 15 c.o. and introduced into a small retort. 
This retort is enclosed in an air bath, the bottom of the bath being ii^ido of sheet iron, 
the sides and top of asbestos card. The neck is connected with a glolmlar receiver, the 
second opening of the receiver being joinud to an inverted condenser, and tlien to a 
pump. The receiver is also ke}»t cool! The liquid is first distilled almost to dryness, 
at ordiiiaiy pressure, at a temiieratura of 120" 0, It is then cooled to about 60" 0., and 
the jircssure reduced by means of the pump, the temperature raised to 180" C., ana the 
di.stulation continued for one and a-half hours ; the ])rossure at the end of that time is 
released, the retort cooled, 10 c.c. of water added, and distillation again proci^^ded with 
at the ordinary prossura at a temperature in the bath of 120" 0. The distillate is 
diluted to about 200 c.c., 8 to 10 gms. of caustic soda dissolved in it, and 6 per cent, 
potassic ]^)ermanganate added until the colour remains a decided blue-black. The 
whole is heated for an hour, decolorised witli HOa, 20 c.c.- of acetic acid added, the HOy 
yven otl by heat, and the oxalic acid preciidtated by calcium chloride. 

% § 325, Estimation of Tartaric Acid and. Bitartrate of Potoi/h . — This is 
Iwt estimated by the method suggested by Berthclot: — 20 c.o. of wine 
ith mixed with 100 c.o. of equal yojumy' of alcohol and ether in a well- 
.stoppered flask. The same process is (unployed with another 20 o.c. to 
which has been added suffleient potash to neutralise about one-flfth 
of the free acid present. Both bottles are albwed to stand two or 
three days, and at the end of the time, owing to the insolubility of bi> 
tartrate of potash in strong alcohol, there will be a deposit of that salt iu 
both bottles. The first will represent the bitartrate of potash present as 
such ; the second, the whole of the tartaric acid which the wine contains. 
There is, however, always a small quantity of bitartrate in solution, about 
*004 grm., equalling *28 d. n. soda, and this amount must be added to 
that found. The precipitates from l^th bottles are collected on separate 

» Op.cit, ' * Stieriin, “Baa Bier,” etc. Bmje, 187», 

* Arch, 1895, ^xxlii., 891. 
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filters, washed with the aloohol-ethor mixture, dissolved in water, and 
titniiod witli soda solution. 

Dir&'t Edimatinn of Malic Acid . — 100 c.c. of wine are precipiUited 
with lime-water, added only in slight excess ; the filtrate is evaporated 
down to- one-lialf, and absolute alcohol added in ex(jcss ; the resulting 
precipitate, consisting of malate and sulphate of lime, is then collected on 
a filter, washed, and weighed. If, now, the sulphate of lime in this 
sam]ile be estimated by solution in water, and precipitation of the 
sulphuric acid by baric cldoride, etc., and the amount subtracted from 
the total weight of the precipitate, the remainder eipials malate of lime. 

Tim KMmation of Ewjar in Wine is carried out on the principles 
described at pp. 111-1*20.^ 

Albuminoid Suhdanev ^. — Tlie albuminoid substances in wine may be 
estimated by Mr. Wanklyn’s well-known ammonia process ; — 5 c.c. of the 
wine are pxit in a half-litre flask, and made rip wit}» water to 500 c.c. : 
iw ('/.e., 5 c.c.) of til is is distilled with a little water an<l pure carbonate 
of soda (ammonia free), and the ammonia in the distillate estimated by 
the colorimetric process known as Nesslerising. An alkaline solution of 
permanganate of potasli is then added, and the operation repeated — the 
ammonia coming over now being the result of the breaking-up of albunji- 
noid bodies. It would appear that iu white wines, the albuminous matters 
are very small in amount; while in red and most youiKj wines, there is^in 
excess of albuminous matters, which decreases with age ; hence, in 
experienced hands, a determination of this kind may help to distinguish 
between old and new'. • 


Thudichum and Dupre found in certain wines the following amounts of 
ammonia : — 


Ingelhciraer, red, . 

Ammonia free. 

per c«‘nt, 

. 0*0051 

Amritonla albd. 
per rent. 
0'8730 

Port, 1861, .... 
Sherry, 30 yeai’s in l.oltlc, . 

. 0 0046 

0*0888 

. 0*0078 

0*1807 

Madeira, .... 

. 0*0021 

0*1581 

Meratcmer, .... 

. 0*0021 

0*3550 

Natural Pci-t, 

. 0*0019 

0*0527 

Port, 1865, .... 

. 0*0012 

0*1760 


§ 326. Adringent Matters . — Schmidt estimates the astringent and 
colouring-matters of wine by oxidising with potassic permanganate befoiHJ ; 
and after treatment with animal charcoal. ; 

A. Girard {Compt, JRend.^ xcv., 185-187) employs sheep-gut for the 
estimation of tannin iu wane. The gut is well washed and cleaned ; it is 
theii treated with alkalies, and bleached by the action of potassic pe^-* 
manganate and sulphurous acid. It is then twisted into cords, and again 

* A social ]»iMces8 is in use in the Paris Laborutory for the detection of fictitious 
claret The li(|uid is known as piqueite of raisins and dried fmits, and it is often added 
as an adulterant tu tlie genniue article. 300 c.c. of the wine are femientod fully with 
yeast at 29°‘5 C. The liquid is then filtered, and placed in a dialysing apparatus, in 
which the outer water is constantly renewed automatically. The water is examined from 
time U) time by the polariscope, and, when the ]K)laiisa^on is constant, the ^alysis is 
stopped. The liquid is neutralised by boiling with chalk, and evaporated to dryness 
on the water-bath. The residue is treated with 50 c.c. of aljsolute alcohol, and twice 
washed with 25 o.c. of the same. The alcoholic extract is next decolorised by charcod. 
eva]K)rated to d]ynes.s, and the residue taken up with 80 c.c. of water and examined 
by the jwlariscope. Tine claret gives no rotation, or is only very slightly dextrogyrate, 
while wines mixed with piquette of fruit or glucose are respectively strongly levo- or 
dextrogyrate.— Dr. Muter in Analyst^ October, 1886. 
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bleached by siilpliurous anhydride. From 3 to 5 grms. of the gut-cords 
(the water in which has been previously determined) are soaked in water 
for four or live hours, and, after being untwisted, arc added to lOO c.c. of 
the wine. After from twenty-four to forty-eight hours, the whole of the 
tiuiiiin is absorbed, and is expressed by the gain in weight of the gut after 
being washed and dried at 100“ C. 

§ 327. JfJtiiiinaiion of tJie Colouring-mafter of Wtne. — The colouring- 
matter of red wines has been termed amolin^ or cenoeyanin, and has also 
received other names. Glenard has assigned to it the formula ; 

but it is doubtful whether it has ever yet been separated in a state of 
absolute purity. The process used by Glenard was —precipitation with 
load acetate, exhaustion of the washed, dried, and powdered precipitate, 
first, with anhydrous ether satumted with HCl, then with pure ether; and, 
lastly, extraction with alcohol, from which the ocnolin was obtained by 
evaporation as a bluish -black pow'der insoluble in ether, almost insoluble 
in pure water, but luoro readily dissolved in acidulated water, a(;idulatod 
alcohol dissolving it easily. The blue colour is turned red by acid. 
G^lnolin, according to Vaserine,^ may be separated from wine by mixing 
the latter with lime to the consistency of a paste, which is drained on a 
funnel. The residue, containing the colouring-matter, is mixed with 
alcohol of 95 per cent., and treated with sufficient sidphuric acid to 
neutrjdise the lime and decompose the compound of lime with the colouring- 
mfltter. The solution is filtered from calcium sulplmte, and on evaporation 
leaves cenolin us a black powder.*-* Solutions of cenolin show, when ex- 
amined the spectroscope, certain bands. 

'file colour of white wines is due to oxidised tannin ; it takes long to 
develop ; hence the manufacturer not unfrequently adds a little caramel 
Sluadd this be the only addition, it would bo injudicious ty consider the 
wine adulterated. 

The artificial colouring of wines by elder-berry, logwood, cochinetd, 
aniline, etc.,*** is said to exist, at all events, on the Continent ; and it is a 
fact that a few home-made, low-priced wines, almost entirely fictitious, are 
passed off by the aid of the same or similar substances ; but with regard 
to the ordinary foreign wines in English commerce, there is no reliable 
evidence whatever that any adulteration of this kind has been practised. 
Nevertheless, it is absolutely necessary to be acquainted with the best and 
^ost recent methods for the dilL:H)vory of such fnvuds. 

^ The substances actually found to be used fraudulently as artificial 
Colouring are — (1.) Eordeaux verdissant, which is a compound of methylene 
plue, diphenyhunine orange, and the acid-sulpho-derivativo of fuchsine; 
f2.) a mixture of araido-benzene, methyl- violet, and the acid-sulpho-deriva- 
tive of fuchsine. 

In the Paris Lal)oratory* they use three preliminary tests, and consider 

1 Bull. Sloe. Chim. [2], Xxix., 109, 110. 

* Accortling to L. M. Krohn, the red colouring-matter of wine may be obtained by 
electrolysis as a deposit on the poritivc pole. The colouring- matters u^ to adulterate 
wines do not give this deposit {foum. Fliarm. (6), ir., 298-800). 

* Souheiran says— “At Fismes, in the neighbourhood of Ebeims, there has been 
manufactured for more than a centuiy (since 1741) a colouring agent composed of elder- 
berries, aJum, and water, in different proportions, the prolonged use of which can only have 
iiqurious consequences on the health, on account of the alum. Unfortunately, the produc- 
tion of this colouring agent {teinie) was encouraged by a rcyal decree of 1781. . . . 
Becent analyses have shown that this limewr m Fismea contains fn>m 20*8 to 57*86 
grms. per litre of alum.* — FaUijicaii&M. Paris, 1874. 

* “Report on processes in use at the lAhoratorv of the eitw of Pa.ri«.” 

By Dr. Hater* Analyst 1885. 





wincH fjenuine as to colour if they respond to these tests. On the other hand, 
should the results be unfavourabh?, the analyst possesses a valuable guide to 
the class (S colouring-matters present. The three methods are as follows : — 

(1.) Sticks of chalk arc steeped in a 10 i)er cent, solution of egg-albumen, 
and dried first in the air and then at 100“ C. Tlio wine is tested by allow^- 
ing two dro[)s t<j fall on a surface of the chalk from which the excess of 
albumen Ims been removed by scraping ; genuine wine gives a gray colour, 
and young and highly-coloured wine may give a somewhat bluish tint, but 
there should be no trace of groen, violet, or rose. 

(2.) Tl)o wine is alkalised by baryta-water until it is of a greenish hue ; 
it is then shaken up with acetic ether or amylic alcohol. If the wine is 
pure there is no colour in the upper layer, with or without the addition of 
acetic acid. On the other hand, coal-tar colours of a ha nr nature colour 
the solvent, and give indications suggestive of amido-benzeue, fuchsinc, 
safranine, chrysoidiric, chrysanilinc, mauveine, methyl-violet, and Bcibrich 
red. 

(3.) 10 c.c. of the wino are alkalised until the wine becomes of a green 
colour by the addition of 5 per cent, potassium- hydrate solution. To this 
arc added 2 c.c. of a solution of mercurous acetate; the whole, after 
shaking, is filtered. With pure wine the filtrate is colourless, both in 
itself and after acidulating witji^ hydrochloric acid, while coal-tar colours of 
an arid nature tuit the filtrate red or yellow. 

If either of the two last tests responds, the wine is further examiued'us 
follows : — 


A.— TllKllE IS EVIDENOK FllOM (2.) OF 

AN Aniline Basic OoLona. 


B.— There is kvidhnck frojj (.3.) of a 
Tar Dye of an Acid Nature. 


Tlio amylic alcohol or aceticj ether sol 
vent is soparatod and divided into two 
parts, W. and S. —the one, W, , is evaiwr- 
uted down with threads of wool, the other, 
S., on threads of silk. The wool and silk 
tti’c both coloured ivd, hydrochloric acid 
discolours it to a dirty brown, but water 
wtores the i*ed. Ifosaniline. 

The silk is coloured red, but not the 
M'ool ; the reaction with hydrochloric acid 
docs not take place, iiafranine. 

Violet, and when treated with HCl, 
becomes bluish-greeu, cliaiiging to yellow, 
but watel* in excess restores the violet. 

Soluble Aniline Violets* 
Indigo-blue, when treated with HOI, 
but on dilution with water, I’eddish-browii. 

Mauvaniline. 

Threads scarcely affected with Hd, but 
decolorised by boiling with powdered zino, 
the colour retuiming on exposure to air. 

Vhryeotoluidine* 
Straw-yellow threads, becoming i>oppy- 
led with strung sulphuric acid. 

Amidmilrobetizol, 

» -yellow threads, becoming scarlet 
^ huric acid. Ckrysoidine, 

Threads of a reddish colour, decolorised 
instantly by a few droiw of sodium bisul- 
phite. 

2>ye8 anaiogoua or dllied to JtosaniUiie. 


The wine is strongly acidulatwl with 
hydrochloric acid, anti shaken up with 
acetic other (or amylic alcohol). The wine 
is saturated with a slight excess of am- 
monia, and shaken up with the same 
solvent. The ethereal fluids are mixed, 
evaporated to drvness, and tested with a 
drop of strong sulphuric acid. 

Parma, violet colour. RocccUino. 

Maroon. FouTidatim Hed. 

Blue. Bordeaux B, and B. 

Soarlot. PoMeau R. 


Bed. „ B.i 

Green to violet * The Beihrieh Bed.j 
Fuohsjne red. Tropeoline OVOk 

Orange yellow, or on dilution with water 
a transient poi>i>y-Ted. \ 

'fropeoline 0,, or Ckryeoine* 

' Brownish-yellow. Hdianihime. 

Yellow. Easing B . , or J. 

S^anine, 

Ethyleoeine. 



Dr, Dupre, takiug advantage of the fact that the coloiiring-mattcr of 
wme only dialyses to a minute extent, and that the colouring-mutters of 
Brazil, logwood, and cochineal, readily dialyse, separates the latter colouring- 
matters from the wiue by diulysis. The same chemist has suggested a 
still more convenient and practical process— viz., the staining of a jelly. 
The jelly is made by dissolving 5 grms. of gelatin in 100 ao. of warm 
water, and pouring the solution into a square flat mould made of pa])er. 
From this cake cubes about | inch square are out with a sharp wet knife, 
and are immersed in the wnne, taken out after the lapse of from twenty- 
four to forty-eight hours, washed slightly, and sections cut, in oi-dtT to sec 
how far the colouring principles have penetrated. If the wine is pure, the 
colour will be confined almost entirely to the edges of the slice, or will not 
ha\o ])euctrat(‘d beyond to J inch; most other colouring-matters rapidly 
permeate and colour the jelly. 


(1.) Goloarimj-matters 2 )onetratm(j ttioicly into the jelly : — 

Colouring-matter of ])ure wine. 

. 1 ) „ Rhataiiy root. 


(2.) Culounny-niatfertt pmetrafmg raj/idly into the jelly 


Kosanilitic. 

Cochineal. 

bogw'ood. 

Brazil-wood. 

Indigo. 


Litmus. 

Red Cabbage, 
l^etroot. 

Malva sylvedris, 
Altheea ofkinulig. 


The jelly may bo examined spectroscopically, good results being obtained 
in the case of rosaniline, red cabbage, and beetroot ; and may be also tested 
with reagents — e.g,^ dilute ammonia dissolves much colour from the slice, 
if the colour should be derived from logwood or cochineal; on the other 
hand, the ammonia remains colourless in the case of rosaniline, red cabbage, 
and beetroot. 

A simple method for the detection of certain colouring-matters is that 
Of I^mmutino ; — Shake 100 parts of the wine with 100 of coarsely pow'dered 
peroxide of manganese, and then pass through a double filter ; if pure, a 
(Mourless filtrate will result. The process is said to answer well in the 
c*e of logwood and cochineal, but to fail with aniline, 

* A general method, applicable to luchsinc and other colouring-matters, 
is based upon the fact that a groat mafi' of the colouring-matters which 
may he used for pu<;iiK>8es of wine HduR|^.tiun (such os caramels, ammoniacal 
Bochineal, sul^-n^i )Utio acid, logwcfflnd the lichen rods), are precipitated 
bj acetate ; whilst fuchsino, if present in considerable quantity, is 

5nly partially ^thrown down. Those which are not precipitated may be 
separated by agitating the filtrate with amyl alcohol. 

The leii precipitate ihay be treated by dissplving out cochineal, 
sulpbindigotio* acid, and fuohsine, by a solution of potassic carbonate 
_2 : 100]. From this liquid the fuchsine is separated by neutralisation 
with acetic acid and agitation with amyl alcohol, the rose coloured liquid 
)btained being identified as a solution of fuchsine by the spectroscope. On 


^ The ooloaiiog-ioatter of Shatany root bat the same property. 
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now acidifying Uic liquid with sulphuric acid, the carmiuaniic acid from 
the cochineal is removed by means of amyl alcohol, and identified by its 
three bands — viz., one between D and E in the red, the second in the 
green, and the third in the blue. The indigo remaining may be detected 
by the blue colour, and absorption-band between C and J). The original 
lead precipitate, insoluble in potassic carbonate, is treated with a two per 
cent, solution of potassium sulphide, which dissolves the colouring-matter 
of logwood and that of the wine itself. Logwood may, however, be tested 
for directly in the wine by the addition of calcium carbonate and two or 
three drops of lime w’ater. In the case of a natural wine, the filtered 
liquid is almost colourless, but is of a fine rod colour if logwood is present. 
Ijiistly, the lichen rod may be obtained by washing the insoluble portion 
loft after treatment with potassium sulphide, and dissolving it in alcohol, 
when a red colour and a delinite absorption-band reveal its ])resence. 

For the detection of fuchsino simply, llouillon {Oomptca llewius.j Ixxxiii., 
858, 859) recommends half a litre of the wine to be evaporated down to 
120 C.C., with the addition of 20 grins, of barium hydrate. It is then 
filtered, and the filtrate shaken up with ether ; the ether is separated, a 
drop of acetic acid, a little water, and a small piece of white silk, are 
added, and- (if an appreciable amount of fuchsine is present) the silk 
assumes a pink colour immediately ; if not, the liquid must be concentrated 
nearly to dryness. 

F. Kdnig^ has a process for detecting fuchsino: 50 c.c, of the ^ine 
are treated with ammonia in slight excess, and boiled with a little pure 
wool [*5 grrn.], uutil all the alcohol and ammonia are evaporated. The 
wool is washed and directly moistened with strong potash, and heated 
until it dissolves into a more or less brown fluid. After cooling, to this 
is added half its volume of piu-e alcohol, and then an equal volume of 
ether ; it is strongly shaken. I'he smallest trace of fuchsino is taken up 
by the other, and is coloured red by acetic acid. 0 4 mgrm. fuchsino in 
a litre of wine is said by this means to be discovered readily. Tlie process 
destroys the natural colour of tlio wiue. 

. § 328. Vogel and othei’s have studied the detection of the colouring- 

matters of wine by means of the spectroscope. 

The following curves are examples of various colouring-matters (see 
fig. 66 e) ; — 

No. 37. Wine colouring-matter, (I.) pure, (II.) diluted, 

Nb. 38. Wine colouring-matter, with ammonia. 

No. 39. (1.) Mallow colouring-matter concentrated, (II.) elderborty 
concentrated. 

No. 40. Acid cherry, (h) Acid cherry with the addition of tannin. 

No. 41. Mallow colouring-matter with the addition of alum. . 

No. 42. Indigo solution. 

With carefully made comparison solutions, there can be. little doubt 
that the spectrosoopical method of identifying colouring-matters will be 
found of great value. 

Lastly, M. A, Gautier * has proposed a method aiming at a systematic 
detection of every probable colouring-matter likely to be added to wine. 
How far the whole, or any portion, of thh elaborate system will be 
followed and confirmed by chemists remains to bo seen. 

* .fifflr. der deuf/tehr. chem, Oaaellsch.f BerUn^ xiii., 2268. 

• /. ?Aam. CAiwu [4], xxv., 8-12 and 102-106. 
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The following abstract of M. Gautier’s paper is taken from the 
Analyst^ i., 1877 : — 


M. Gau'J'ier’s Prookss for Drtkctinq Colouring Matters in Wise. 

§ 32y. Prdimimry Preparation of the Sample . — The sample is mixed 
with its volume of white-of-egg previously diluted with IJ times its 
bulk of water, well shaken, and, after standing for half an hour, filtered. 
Tfthe wine is very poor in tannates, a few drops of a fresh aqueous 
solution of tannin should be added before agitating with albumen. The 



filtrate is treated with dilute sodium bicarbonate until its reaction is very 
feebly acid. All the reactions of Table B. must bo made on this liquid, 
except those for indigo, which are executed upon the albuminous pre- 
cipitate. 


Table B.— systematic fbooesb to bb followed for the detection 
OP the nature op foreign colouring-matters added to wines. 

A. Having placed aside the filtrate from the albuminous precipitate^ 
4he precipitate is washed until the Washings are almost colourlei^tt. 



Two cases may present themselves : — 

(a.) The precipitate after washing remains wine-coloured, lilac, or 
maroon ; wvtw^ natural, ai' (vlulterated with the greater of the mhsta'ncea 
umdly employed. Pass on to C. 

{b.) The precipitate is of a very deep wine-colour, violet-blue, or 
bluish ; wines from, the deepest coloured grapes, or wines coloured mth indigo. 
Proceed to H. 

B. The precipitate is washed with water, then with alcohol of 25 p.c., 
a part is then removed and boiled with alcohol of 85 p.c. 

{a,) The filtrate is 7'OHe, or iidne-roloured. A portion of the preci])itate 
is removed from the filter, suspended in water, and carefully saturated 
with dilute potassium carbonate. The colour changes to brown or 
blackish- brown ; natural wines, or adulterated mth substances other than 
indigo. Pass to C. 

(6.) I'he filtrate is blue, A portion of the precipitate suspended in 
water and treated with dilute potassium carbonate affords a deep blue 
liquid, which changes to yellow by an excess of the reagent. Variotis 
preparations of mdigo. Indigo. 

0. 2 o.c. of wine are treated with 6 to 8 c.c. of a solution of sodium 
carbonate, which must be added in slight excess (1 c.c.) after the change of 
colour. 

(a.) The liquid becomes lUar,, or violet ; sometimes the liquid becomes 
wine-coloured, or dashed with violet. Jirazil-wood, cochimal, Portugal 
hemes, fucksine, . . . wines of certain sorts, fresh beetroot, logwood, both 
elders, whorileheri'm (myrtille), Portugal brnries. Pass to D. 

(h.) The liquid becomes bluish-green, sometimes with a faint lilftc tint, 
wine, hollyhock, privet,^ whortleberries, logwood, Portugal d)erries, fuchdne* 
Pass to M. 

(c.) The liquid becomes greenish-yellow without any blue or violet, 
beetroot (old or fermented decoction), whortleberries, certain rare varieties 
of 7eine. Pass to L. 

D. The liquid C. (a.) is heated to lx)iliDg. 

fa.) The liquid remains wino-violet, rose, or wine-lilac, or becomes a 
brighter lilac j logwood, Brazil wood, cochineal, coHain ^laiieties of wine. 
Pass to E. 

{h.) The colour disappears, or changes to a yelfow, or maroon, or 
reddish tint, wine, fuchsine, both elders; whortleberries, Po^iugal berries, 
fresh beetroot. Pass to F. 

E. Treat 4 c c. of the wine with 2 c.c. of each of a 10 per cent, solution 
of alum, and a 10 per cent, solution of crystallised sodium carbonate. 
Filter. 

(a.) Clear yellowish-green lake (which, may, bo bluish from mixtures 
of maroon-coloured wines), filtrate colourless, becoming very slightly 
yellow on warming ; its own volume of aluminium acetate at 2** B. almost 
wholly decolorises it On acidification with acetic acid, after t|mtment 
with its own volume of barium hydrate (saturated solution),' l^e wine 

. ^ The oolouriug-mattor of privet beirieB is stated to be used in Saxony for colouring 

Wine ; it gives an absorption &ud at D,, and a fsiiit absorption at Y. This oolouring- 
matter is extracted by amyl aloohoL Tartaric add heightens the colour, shutting out 
,d] the blue. Alum colours it beautifully blue and broadens the abwrption at I)., 
while the absorption of the blue and green is diminished. Tartaric amd annihilates the 
blue colour, and mves a colour sinular to wine ; caroftU neutcaliiatiou with ammonia 
ipstoros the blue odour and the band at D. ( Vogd). 



becomes clear greeiii8li-)'ellow or maroon, pure or mixed wines. See 
Table A. 

(/>.) (xreenish-blue lake, or dirty ycllowish-groen, according to the 
varieties present, sometimes very slightly wine-coloured. Filtrate bright- 
rose, gradually decolorised on warming, though rettiiniug a tinge of lilac j 
not decolorised by lime-water in the cold. Cochinbal. 

(c.) Wine- violet lake, whicth darkens on ex],) 08 ure to the air. Filtrate 
bottle-green, or grey faintly red (if much logwood is present). The 
filtrate becomes green on warming. Logwood. 

{d.) Lilac, or maroon-lilac lake. Filtrate greyish with tint of maroon. 
On boiling, this filtrate becomes fine old-wine coloured, Brazil-woc)!). 

F. Treat 4 c.c. of the wine with alum and sodium eurhonatt* (as 
explained iit E.), add to the mixture two or three drops of very dilute 
■sodium carbonate, and filter. 

(a.) The filtrate is lilac or wine-coloured, Portugal herrim*, frenh beetroot, 
i*a3S to fi. 

{h,) 'riie filtrate is bottle-green, or reddish-green, loinef furlmnc^ black 
Mer^ whortleberries^^ beetroot. Pass to H. 

G. Treat 2 c.c. of the wine with sul^acetate of load solution, of density 
15* B. Shake. Filter. 

(a.) The filtrate is rose-coloured, which persists oven when made slightly 
alkaline; it slowly disappears on boiling. Lime-water destroys the rose 
(Otlour. PoRTiiGAii Berries. 

{b.) The filtrate is ycllovsish, or brownish-rod. Fresh Beetroot. 

H. The alum-lake obtained from F. (5.) is — 

(di.)*Deep blue. On treating the clarified wine with a few drops of 
-aluminium acetate solution, it teomes a decided violet, or wine violet. 
Both elders. Pass to I, 

(h.) Bluish-green, green, or faintly rose-tinted, whorllfborrinSt 

I'beeiroot, fuchsine. Pass to J. 

I. After the test II. (a.) treat a fresh quantity of 2 c.c. witli Lfi to 
‘2 c.c. (according to its acidity and the depth of its colour) of an 8 per 
<jent. solution of sodium bicarbonate charged with carbonic acid. 

(a.) The liquid remains lilac for a moment, then changes to greenish- 
grey blue. Another specimen treated with sodium carbonate (according 
to C.), and heated to boiling, becomes dark groonish-grey. Black 
Erj>ER. 

(b.) The liquid retains a lilac tint, or becomes ^ey with mixture of 
' maroon, or dirty lilac. Another specimen treated with sodium carbonate 
(as at C.) tends to discolour on heating, the green being replaced by red. 
Dwarf Elder, * 

J. Treat 6 o.c. of the clarified win© with a slight exiujss of 
ammonia, heat to boiling, and after cooling shake with 10 c.c. of ether, 
decant and evaporate the ether, and treat the residue left on evaporation 
with ar-tde acid 

(a.) The liquid becomes red, Fuchsikb. 

{h.) The liquid does not become re^l, winSf whprtWjerrieSf fresh Imtroot, 

Pass to K. ^ i 

K. Another specimen is treated according to C. with sodium carbonate. 

(a.) The colour darkens or becomes red on heating, wJmtleberriesJresli 

beetroot. Pass to L. , . 

{&.) The greenish or hluwb-green liquid, possibly having a wine tinges 
jias a tendency to discolour on heating. Natural mne. 
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Ij. Trc,'itofl with sodium ))icar})onMtc according to the rules given at I. 
(a.) The li(|uid is deep grey, slightly greenish, green, sometimes green 
with very slight lilac tint. 

The chiriHed wine, treated with an equal volume of saturated baryta 
water, and filtered after standing for fifteen minutes, gives a dirty yellow, 
or slightly greenish filtrate. 

With an equal volume of aluminium acetate of 2“ B. it gives a lilac 
wine-coloured filtrate. 

With a few drops of aluininatc of potash no change of colour. With 
sodium carbonate, employed as at C., the liquid tends to lose its colour on 
heating. AVith barium peroxide, used according to Tal)lc A, column P, 
the liquid is faintly rose tinted, with or without an orange-coloured deposit 
on the barium peroxide. Natural AVink. 

With the general characters above indicated, if with baryta water it 
affords a madeira-colourcd filtmte, changing to buff on acidulatioii with 
acetic acid ; if with borax it becomes deep-green with a bluish cast ; if 
with alum and sodium carbonate (as at E) a precipitate falls of a deep 
bottle-green, with bluish tinge, and if with aluminium acetate it remains 
rose-coloured with no change to violet-blue. Teinturiisu. 

{b.) The liquid is reddish -yellow or brown-lilac. By treatment with 
acetate of alumina the filtrate is clear lilac. With a few drops of 
aluniinatc of potash the colour becomes that of the skin of an onion, ami 
with a largci' quantity of the reagent the colour is green, tinged with 
maroon. With sodium carbonate (employed as at C.) the fluid passes to 
yellowisli or greyish-yellow, with tinge of rod. With barium peroxide, 
licsh-<?olonred liquid with considerable orange-coloured deposit in* contact 
with the peroxide. Beetroot, fermented mt 

(r.) The liquid is yellowish-grey, with tinge of green or red. With 
baryta water the filtrate is yellowish olive-green. With aluminium 
acetate the filtrate is bluish-violet, or violet-lilac. With aluminate of 
potash, fresh rose, becoming yellowish-green, with an exce.ss of reagent, 
\^^ith sodium carbonate (as at C.) the fluid becomes deep grey on heating. 
With l»arium peroxide the fluid is bleached, or remains but very slightly 
roseate, witli a trace of orange deposit in contact with the peroxide. 
Whortleberries. 

M. The mixture of wine and alkaline carbonate C, (b.) is heated 
to boiling. 

(a.) The mixture becomes lilac-violet, or violet. Logwood. 

(ft.) 'J^he mixture tends to become decolorised, or changes to yellowish- 
green, or dark green, or maroon green, natural mnesy whortleherrieSy both 
elderny privety Portugal berriesy fuchdne. Pass to N. 

N. Treat tlie wine with alum and sodium carbonate, as directed at E., 
and filter. 

{a,) The colour of the filtmte is lilac. ^PoHuged, berries, 

(ft.) The filtrate changes to bottle-green, or reddish-green, . Natural 
wineSy fohortleherriesy holhjborky privety both eld&rSy fuchdne. Pafts to 0, 

O. Treat 2 c.c. of the clarified wine with 3 or 4 c.o. of a saturated 
solution of borax, according to the intensity of the colour of the wine. 

(a.) The liquid remains wine lilac, or with some violet tinge, both elderSy 
p^'ivety whortleberries. Pass to P. 

(ft.) The fluid becomes blnish-grey-flax-blossom, greenish or bluish-grey, 
with very faint trace of lUac, pure tdne, whortleberrieSy hoUyhoehy fuchdne. 
Pass to K. 
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P. Tmit a new portion of wine with sodium bicarbonate (as directed 
at I.). 

(a.) Tlie tint, at first lilac, changes afterwards to grey, slightly brownish, 
or to maroon. Jf a new portion bo treated with sodium carbonate, according 
to C., and then heated to boiling, it becomes clearer, ami loses its green 
tint. 

The lake obtained according to E. is deep blue-green. Dwaup Enom 

(b.) The specimen remains grey, tinged with green, bottle-green, or 
yellowish. Somet imes (black elder) it acquires a lilac tint, which almost 
immediately disappears, changing to a grecuiish-grey-blue, whortlehernes^ 
black ebhr, privet. Pass to Q. 

Q. Treat a specimen of the wine with alum and carbonate of 80 <la (as 
directed at E.). Shake the mixture, and after a few moments throw it on 
a filter. 

(a.) The lake remaining on the filter is deep green- blue; the filtrate is 
clear bottle-green. A sample treated with sodium carbonate (as at C.) 
darkens and becomes grey, slightly greenish, on heating to boiling. Black 
Elder. 

(b.) The lake is clear bluish or greenish. The filtrate is clear bottle- 
green. A sample treated with sodium carbonate (as at C.), and heated to 
boiling, changes to dirty yellowish. Privet. 

('*.) The lake is ash-green faintly rose-tinted. The filtrate is bottle- 
gftion, with tint of maroon. A simple treated with sodium carbonate 
(according to C.) becomes deep grey on being heated to boiling. VVhcjrtlr- 

nKRUlKS., 

II. Treat a specimen of the wine with ammonia and ether, as directed 
at J. 

{a.) The other being decanted and evaporated, the fluid residue becomes 
rose-coloured on treatment with acetic acid. Fuciihine. 

(h.) The liquid left after the evaporation of the ether does not become 
red on acidification with acetic acid, natural winexj hollyhock^ whortleberrien. 
Pass to S. 

S. A sample is treated with its own bulk of a solution of aluminium 
acetate of 2’ B. 

(fi.) The colour of mixture remains wine-coloured, natural witm^ whortle- 
berries ; differentiate between them, as directed at L (a), and L (c). 

(6.) The colour of the mixture becomes violet-blue, hollykoclct whortle- 
Iterries. Pass to T. 

T. A specimen is treated with alum, and sodium carbonate (as at E,), 
and after a few moments filtered. 

(a.) The lake is clear green, slightly bluish, and rose-tinted ; filtiute i 
bottle-green, with little maroon. With borax (as at 0), particularly if tb 
sample has been concentrated, the liquid is grey with trace of lilac. 2 c.< 
of the liquid treated with 3 c.c. of dilute ammonia (1 vol. of liq. ammoni 
with 10 vols. of water), and the mixture diluted with its own bulk of watei 
gives a liquid which is yellowish-grey, greenish, or grceiiish-grey. Th 
other characteristics as at*L. WHORTLBBERRiBSi 

(A) The lake is green, slightly bluish, quite free from rose, flltrat 
clear bottle-green. With borax the liquid is greenish hlue-grey. Wit 
ammonia (as above), dark bottle-green. With aluminium acetate (as at S.^ 
bluish- violet coloration. Hollyhock. 

Although somewhat difficult, this systematic method serves for th 
discovery of several colouring-matter? mixed in one wine, if the indications c 
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Tablea A. and B. are ctirefullj observed and followed. It is always desirable 
to determine the presence of fnchsine by the special reactions given further 
on. By moans of Table B. the presence of one or several of the colouring- 
matters may be detected ; but before deciding, it is as well to verify by 
repeating, for the sid)stances so found, the reactions of Table A. on the 
sample; and also the more special chara(5teristic8 given further on, for the 
identiticution of those substances. 

SI»K(!IAL RKACTIONS I<’OR THE DE'I'ECrriON OP CERTAIN OP THE 
COLOURING-MATTERS MIXED WITH WINES. . 

Brazil Wood . — Even a very strong clarification (two or three times 
more alhumeu than mentioned at the head of Table B.) docs not wholly 
decolorise the adulterated wine. It becomes yellow- butf, which on exposure 
to the air gradually changes to red. If a wine that has been adulterated 
with Brazil-wood is clarified, and then a skein of scoured silk, washed with 
dilute tartaric acid, be soaked in it for twenty-four horn’s, and then with- 
drawn, washed, and dried at 60“ to 70“ C., the silk will bo found to bo 
dyed lilac-maroon, or red. In pure wine, the skein remains wine-coloured 
or lilac. 

If the dyed silk bo now dipped into dilute ammonia, and heated to 
100“ C, for a moment, it becomes lilac-red, if Brazil-wood were present ; but 
deep grey, with scarcely a tinge of its original colour, if the wine wdre 
pure. If the ammonia be replaced by lime-water, the skein changes to asfi- 
grey if Brazil-wood were present ; but to a dark, dirty-yellowish-red if the 
wine were pure. Finally, if the skein be dipped into aluminium acetate, 
and then heated to 100" C., it retains its wine-red lilac colour. This 
reaction differentiates Brazil-wood from logwood. 

Logwood . — If the colour due to logwood is in excess in the wine, 
ammonia gives it a shade of violet; if the proportion of logwood is small, 
the reactions B, L, N, of Table A., which are very delicate, should be tried. 

A skein of silk, prepared in the manner described for Brazil-wood, and 
trended with logwood, becomes dyed lilac-red, or maroon, which dilute 
ammonia changes to violet-blue tinged with grey, and acetate of aluminium 
to bluish-violet 

Qot'hineal. — The lilac, or roseate tints due to the reactions A, B, H,.K, 

^ of Table A., are very sensitive, the last being very characteristic ; the only 
substance' likely to be confounded with it is the pbytolacca (Portugal 
berries), which is differentiated by the reaction B, of the same table. 

A skein of scoured silk, mordanted with aluRiiuium acetate soaked in 
the clarified wine for twenty hours is dyed of a wine violet colour, analogous 
to that of pure wine, on being dried at 100“ C, Tlie colour does not change, 
even at 100“ 3., by cupric acetate (exclusion of fuohsinc) ; but if the skein 
be dipped into a dilute solution of zinc chloride, heated to 100“ C., and 
then wetted with sodium carbonate, washed with water and dried, the 
colour becomes fine purple, wh«i’eas with pure wine the tint would remain 
sombre grey-lilac. 

CJochineal may be discovered by the spectroscope if present in l»irge 
fuantity, but if it amounts to only about 12 per cent, of the total coloration, 
t cannot be so detected. It rapidly separates from wines, being precipitated 
n the lees. ^ 

f FurJtsine . — lliis should be sought for in all wines found to be adulterated 
frith other substances. The refiotion J of Table B., p. 466j is very sensitive. " 





Great care must be taken to avoid loss of roBaniline from imperfect decom- 
position of its salts in solution ; moreover, arsenic should always be sought 
for where the wine is found to contjiiii any aniline. Fuchsine rapidly 
separates from the wines to which it has been added. A skein of silk 
becomes dyed rose by soaking in a wine adulterated with fuchsine, and its 
colour passes to yellow on treatment with hydrochloric acid, but to bright red 
if the wine was pure. The dyed skein treated with dilute cupric acetiite, 
and rlried at 100° C., becomes fine d(3ep rose- violet if fuchsine is present, 
and of a lilac tinged with ash-grey if the wine is pure. This reaction is 
very sensitive. 

Fit l/tnj area . — (Portugal berries). The rose or lilac colorations of the 
reactions A, G, and especially 0 of Table A., are very sensitive. 

IlolhjliOik — (Allium rosett), much \i8cd. This substance impirts a 
peculiar flavour, which in a few months becomes actually disagreeable, wliilc 
the colouring-matter itself rapidly precipitates. 

Bt‘o.tront . — This is generally employed only to mask other adultci'ants. 
The lilac tint of reaction G of Table A., if the beetroot is fresh, and the 
yellowish colours due to alkalies (reactions D, E and F of 1’ablo A.) are 
very sensitive, oven with old decoctions. 

Black Elder y Dwarf Elder . — The dwarf elder imparts a faint turpentine 
odour to the wines. 'ITie berries of both varieties are particularly used to 
communicate a special colour and flavour to port wine. The teinte de 
Einnm (p. 457), largely used at Fismea, Paris, and elsewhere, is rmule by 
digesting 250 to 500 parts of elder-berries, and 30 to 60 parts of alum, 
with MOj) to 600 parts of water, and then submitting the mixture to pressure. 
M. Maumene reports having discovered as much as 4 to 7 gnus, of alum 
]>er litre in wines adulterated with this substance. Sometimes (tiiough 
rarely) the alum is replaced by tartaric acid. Wines cwjulterated with 
either yield a violet-blue lake (reaction H, Table A). By comparison with 
pure wine the difference is very marked. 

A piece of flannel, or skein of silk, mordanted with aluminium acetate, 
licated for some time in the suspected wine, then washed, and immersed in 
water made faintly alkaline with ammonia, becomes green if the wine is 
pure, but dark brown if black elder is present. Probably the same reaction 
occurs with dwarf elder. 

Privet . — This is seldom used. The general reactions, particularly A 
and Ct of Table A., may bo referred to (see also footnote, p. 462). 

Kino. —Said to be coming into use. It is precipitated by gelatin, and 
'gives no definite absorption bands. According to Etti^ kino red is the 
lauhydride of kinone, and has the formula 

I Indigo . — The reactions A (h) and 1» (h) of Table B., p. 462, are so 

F sensitive that they are alone sufficient to cliaraoterise indigo. Wool or silk 
mordanted with aluminmm acetate, heated with 20 to 40 c.c. of the sus- 
pected wine nearly to dryness, washed, and then dipped into very dilute 
ammonia, become dirty green if the wine be pure, but blue if indigo be 
present. Indigo being o&n used to mask the too bright colours of cochineal 
and fuchsine, these should always be sought for after the removal of the 
indigo by clarification with albumen. Indigo very rapidly separates from 
wines, and it may frequently be found in the lees, even when the wine 
itself gives no indication of its presence. Except in such cases as indigo 
and cochineal, it is only upon a series of concordant reactions that the' 
presence of an artificial colouring-matter should be affirmed 
» ^«r. (L d. ehm. 1888 , 187 ^. 
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.330. Mineral Stihafanfen^ or Aak . — The ash of a great many wines, 
and especially of sherries, imported into this country, consists nearly 
entirely of sulphates.^ This is duo cither to suljdiuring or plastering. It 
is found ahsolulely necessary to charge many \vi?ics sliglitly with sul})hurous 
acid, some of wliich hccomch sulphuric aeid ; and insiieii a case tin; chlorides 
aTid earhouic acids are diminished in the ash, and the salj)hurio inereiisi'd, 
hut tlie total weight of tlie ash its(5lf is not materially increased. On the 
other hand, ydasLiring (hy wliicii is meant the addition of plaster of Paris 
to the grapt'S before they an- crushed) has the etfect, hy its rc'ac-tion on 
cream of tartar, of ])rodiieiiig a soliihlc sulphate of potassium, which may 
very materially increase the ash of the wine.- 

Under ahsohitel}’’ lUirinal conditions, the ash consists of enrhonate, 
sulphate, phosphate, cldorido of jx'tassium, chloride of sodium, ph(»sj)hate 
and carbonate of calcium, with very small quantities of maeiiesia, iron, 
sdica, and fi'ctpicntly lilliinm and manganese. 

'i'hc ash from a litre of wine examined hy Dou^singault contained — 


CrmB. 

Petnsli,® 0*842 

Lime, 0*002 

0172 

Pliosjilioi'ic Acid, 0*412 

Siiljihiiric Acid, ()*()90 

Chlorim- a trace 

Carhonif Acirl, 0*i!50 

Suad and Silica, .... . . 0*006 


1*870 

With rc'gard to tlie analysis (»f the ash, etc., see p. 93, e! mq. 

J The S’ dpi I uric acid in sherries i*ang«‘s from 1*5 ki 8 gnus. i>er litre (eipial to from 
19 '0 to 9;t*8 grams per hotth- of gallon). 

- A ])laster('d wine c(>n tains more jjolash than one not jdastcred, for in the latter 
thiM’o is a deposition am! separation ol the hydro-potassio tartrate, hut in plastered winch 
from douhli' dcconiposition ca]<‘miu tartrato is formed and deposited, whilst potasaic 
sidphute passes into solntion. According to Jlilgor, a plastered wine always contains 
more fcfiau *06 jier cent., SO;„ and sliows a notable increase of the ash oonstitiionts. The 
genera! view of tlie I'eatitioii Aviiich occurs on tlie addition of calcic sulpliaki is that some 
tartaric acid is also set free aceording to the following equation : — 

•J(;4Ur,lv0^,hS04ra=CVlA06+S04lv^5+04HA* 

This free aind again acts on the potassic sulphate, forming SO4HK and Cilf.-.KO,,. 
K. Kayscr, mi the oilier hand, considers that free phosphoric acid is formed — 
SOjCa H- C4H5 KOo--= SO41 1 K + C4M4(laU6, 

and then {304lllv + P04njK=S04K2 + P04H’» 

and that it is this free }»hosphorie acid which gives the lively tint to red wines. Plastering 
clears a wituj rapid!}', heeauso Ihe calcic tartiate quickly siJparates, The main chemical 
r'hangcs, therefore, which can he traced are, briclly, a decrease in tlie tarrario acid and an 
increase in potash and sulplutes. The staiidimi in use in the Paris Municipal Laboratory 
IS *2 grins, per litre of potassii* suljduite ; should a wine contain more than this quantity, 
it is considered plastered. The maximum amount of potassic sulphate found by M. Marty 
in genuine wine was '0 gnn per litre. A preliininaiy cxanmiaiioii of the wine is ett’ected 
as follows *. — A solution of 5*«)i)S grins, of baric chloride and 100 c.c. of HCl is made up to 
a litre with water. Two tubes are charged, each with 20 c.c. of wine, and to the one is 
addeii .6 c.c. and to the other 10 c.e. of the barium of chloride solution. If, after the 
precipitate has subsided, the clear liquid from the 6 c.c. tube gives no precipitate, tlie 
wine, is not plastered ; oi', if it gives a jirecipitate, whilst the second tube gives no pre- 
ci)»itate. the plastering is beneath the staiidaifl ; but if the second tube gives a precipitate, 
the. wine is phislered, and the usual melhofls of e.stiiuatiou must be adopted, 

® The rule is that nearly lialf the ash of anatui-al wine consists of-K;jO in combination. 
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§ 331. Detertim of Fluuhmttes ami FhwftilicaJcs , — Alkaline fliioborates and some- 
times alkaline Huosiliont<\s aie use.(] as antisejitics in the inanufactiire wine. Their 
detection is as follows: — 100i:.(.*. of wine are Ireaied with an excess of caleinra hydrate 
and evajiorated to dryness aiifl ignited. Should /lu(»borate have boon used the bctrato of 
lime is soluble in acetic acid, while liotli fluoride and silicate of lime are insoluble in 
aoctie acifl. Therefore, afl>cr i^mition the ash is treated with acotie arid and tillered. On 
evajiorating the acetic acid solution b) dryness the n’sidue is te.'sted for boric acid as 
described tni }». 234. Silicates ari! deterniimxl in the insoluble ])oriion of the a.sh reinain- 
iug on tlift filler, and fluorides are detected by heat iuft the ash so as to renrler ilanhydrous, 
and, after mixing with a little sand, transferring it to a test-tube, (hen aihling sufficient 
strong snli»liuri(‘ ueid to form a piste and closing the muntli of tin' test-tube with a cork 
carrying u small U-tuhe, a single droj> of water having been put in the be.rid. On now 
healing the tesl-lube, fluoride' of silicon is e\oIved; but immediately deeoin[) 0 .scs on 
passing tlmingh llie drop of water; hence thei-e is a characteristic di'posit of gelatiooUB 
siliea in the U tnbe. 

It, thcrcfoie, Ity theso processes silicon and fluorine are de|ect,r'<l, the amount of silica 
lieing in excess of what ls usual in the ash, a silieoflmuide has been added ; or, if lliiorine 
and boric acid have been found, this denotes the presence of a jluob't,.t(‘. 
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VINEGAR. 

33J. Const it tie) its oj Cummereifd Vinftjar. — Vinegar is a li(iuid 
losulting from the acetous fermoutatiori of a vegetable infusion or decoction ; 
it contains acctn^ acid, acetic other, alcohol, sugar, gum, extractive} matter, 
idkaline acetates, and tartrates, and a variable amount of salts (dei)euding 
on the substances from wliieii it luis been produced). 

Vimefies of Vinedar, — The chief varieties of vinegar are as follows : — 

(1.) Ma{t-Vi)wgar. — The great majority of commercial vinegars in 
t^is country Jiro derived from the acet<»us fermentation of a wort, made 
from mixtures of malt and barley. Malt-vinegar is of a decided brown 
coloin-, fijjecifie gravity varying from 1*017 to 1*019; it is of various 
dcgre(,s of strungtb, the manufacturers distinguisijing diflcrent kinds as 
A’ os, 18, 20, 22, and 24 respectively, the last being the strongest, and 
conitdiiing from 4*6 to 6'6 per cent, of acetic acid. • 

Malt vinegars contain from *095 to *12 i)er cent, of nitrogen. Vinegar 
made from sugar contains, according to Allen, about *016 per cent, of 
nitrogen. 

Malt vinegars contain phosphates in quantities varying from *057 to 
*093 per cent, calculated as phosphoric acid. They should only contain 
sulphates derived from the malt and water used in their manufacture; 
this should not amount to more than about *01 to *04 per cunt, calculated 
as sulphuric acid. Malt vinegar rmitnins no acid potassium tartrate. 

(2.; Wine-Vinegar is the chief vinegar in Continental comrnereo. It 
is ])repared from grape-juice and inferior new wines; that made from 
white wine is most esteemed. The wine-viiiegars vary in colour from 
pale yellow to red; they have nearly always an alcoholic odour, and 
contain some alcohol; specilio gravity 1*014 to 1*022. A litre of 
Orleans vinegar (according to ChevaLhm’s^ analyses of arjtual samples) 
saturate-! from 6 to 7 grms. of dry carlxmate of soda. The extract from 
pure wine-vinegar varies from 1*38 to 3*2 per cent., the average being 
1*93 f)cr cent., and always contains from *25 to *5 grm. of acid iJotassium 
tartrate (see Table LIV.). 

Small quantities of recJucing sugar (from *007 to *16), an well as some 
of the wine ethers, are usually present. The relation between the extract 
and acid does Tiot, as a rule, exceed 3*5 per cent. 

Cith)' Vinegar has a characteristic taste and odour of apples. It 
contains an average extract of 2*8 per cent., and from 3*2 to 7*6 per cent, 
of acid and *31 to *51 per (»enfc. of ash. 

^ Jmm. (CByg,, 1877, No. 15. 
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The solids consist of glycerol, alhuniiiions matter, gums, malic, and 
other organic acids. It gives no optical rotation, and has no reducing 
power after clarification with lead acetate. The ash contains a large 
amount of potassium, hut no sodium. The phos])hatcs in the ash are 
high (42T to 17-8 jjor cent, of the ash), and dill'er from those contained in 
other vinegars in that at least -J of them arc soluble in water. Crah- 
Vinfi(jar is made from the crab apple, and is common in Wales. 

Vmrffar is made from alcohol, and differs from the others in 
having a small extract and only a trace of ash which has a very slight 
alkalinity. It contains only a trace of phosphates. 

Grain and timjar Vinetjara . — These are made from various grains, such 
as maize and rice. They are similar to malt vinegars, hut coiitahi less 
nitrogen. They often contfiin much sulphate. De.xtrin is usually pi’cseut, 
and may he preeijntated by alcohol. 

VarinuH Arliih'iaJ Viiv^yanj such as diluted acetic and pyroligneous 
acids, coloured to resemble the dearer kinds of vinegar. 


TABLK LIV.— Thk Gomvosition of Vaiuous Kinu.s of Vinkcai!. • 



IB 

t> 

1 

tic Acid. 

|2.«« 

C|v 

ill 

Ash. 


a3c*> 

w 

1 1 


lit 


Wine Vinegar — 


p.c. 

p.c. 

pc. 



Max., . . . . 

ro‘Ji3 

3*19 

7*58 

14*26 

2*3 

0*68 

Min., . ... 


1*38 

4*44 

8*04 

3*2 

0*16 

Mean, 

roi7r> 

1-9.J 

6*33 

11*42 

3 '2 

0*32 

Spirit Vinegar— 







Max., 

1*013 

0*57 

7*98 

12*54 

13*8 

0*08 

Min., ..... 

1 *008 

0*16 ! 

4*98 

7*63 

30*0 • 

Trace. 

. Mean, 

Date Vinegar — 

1*0082 

1 

0*35 

6*34 

9*86 

18*1 

0-04 

0*47 

Mux., 

1*010.5 

2*68 

6*60 

12*58 

2*4 

Mill 

1*0170 

2*29 

6*30 

11*74 

2*7 

0*40 

Mean, 

1*0185 

2*40 

6 '44 

12*10 

2*6 

0*44 

Malt Vinegar, .... 

1 1*01 9 

2*93 

5*78 

11-60 

2*9 

0*44 

Mult Vinegar, which has also | 
been made from sugar, \ 

T016 

2 '01 

5*52 

10 '24 

2-8 

0'34 

j Rice Vinegar 

1*017 

2*58 

.5*64 

10*99 

2*2 

0*34 

j Sugar Vinegar, .... 

1 *010 

1-64 

4*21 

10'84 

2-6 

0*27 

i Vinegar certified to contain 1 
' 70 p.c. of jiyroligucous acid, j 

1*007 

0*21 

4*70 

7*26 

22 '2 

0 04 


Tho abovii table contains results reduced and collated from Sangle Ferrierc, Allen, 
Heliner, and others. 


§ 333. AduHemtiom , — The adulterations of vinegar are — 

(1.) Alineral acids, especially sulphuric, more rarely hydrochloric, and 
still more rarely nitric acids. 

(2.) Metallic adulterations, or rather impurities; such as arsenic* 

* “ The observations of kl. l)esclianii»s induced us to analyse a vincf^r sold byTT^ 
ceilain Sieur C. . . . The presence of arsenic in this vinegar was ascertained, and 
Sieur C. was com|)ellrd to confess that the vinegar hod becn,<m«ed with wood-vinegSCr. 
On resorting to the ]>er8on who furnished the latter product, the whole of the wotsi- 
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(derived from sulphuric acid), copper,^ lead, zinc, and tin, from the solvent 
action of the acid on any metallic surfaces with which it may have come 
in contact. 

(3.) Pyroligneous acid. • 

(4.) Various organic substances, such as colouring agents, and cnpsicum, 

§ 334. Anali/m of Vinegar. — (1.) Water . — (Jood vinegar should contain 
irom 5 to 7 per ceiit. of acetic acid ((’21X402). Three percent, of acetic 
acid is, however, tJie 'standard adopted m this country by tlm Government 
Laboratory for the puri)oscR of the Sale of Food and J )riigs Act. 

The amount of acetic acid may be estinnitcd with fair accuracy by 
diluting 6 c.c. of the sample with 50 c.o. of water and titrating with d. n. 
sodium hydroxide. The percentage of acetic acid is one-tenth of the mmiber 
oi C.C.S of rtlhali re(|uired for neutralisation. 

Tlie acetic acid may also be estimated by distilling 110 c.c. until 
100 c.c. have been drawn over, that is, tcn-eleveiiths. The 100 c.c. will 
contain 80 per cent, of the whole acetic acid present in the 110 c.c., and 
may be titrated ; or the specific gravity of the distillate may be taken, and 
the strength found from the following table : — 


I’er cj'iit. 

8p. Kr. 

I'fi- cent 

Sp. gr 

I’er eent. 

Rp. gr. 

1 . 

. 1 -001 

8 . 

1-012 

16 . 

. 1 -022 

2 

. 1'002 

9 . 

. 1-013 

16 . 

. 1 -023 

iS ! 

. 1 -004 

10 . 

. 1-01.5 

17 . 

. 1-024 

i . 

, 1 -00.5 

n . 

. 1-016 

18 . 

. 1 -026 

5 . 

. 1-007 

12 . 

. 1-017 

10 . 

. 1-026 

6 . 

. l'()08 

18 . 

. 1-018 

20 . 

. 1-027 

7 0. 

. rolo 

i -f . 

. 1-020 




\ iuegar may also be distilled in a vacuum produe-ed by a mercury or 
Will Cl' pump ; it should bo distille«l into caustic soda or |V)ta8h of known 
si rength, and then titrated back. By distilling thrice to dryness, adding 
a little water each time, the whole of the acetic acid comes over. 

It will be necessary to test the distillate for the presence of hydro- 
(jliioric acid, and also to take the acidity of the vinegar without distillation, 
so as to control the results. 

If absolutely accurate determinations are required, it is best to add 
an excess of carefully w'cighcd pure Carbonate of lime to a known weight 
of the vinegar ; the liquid is boiled filtered, and the residual carbonate of 
lime hltered off, dissolved in slight e.-tcess of normal hydrochloric acid, 
and titrated back with caustic soda and cochineal solution. From the 
amount of ciirbonate thus found to have been unacted on by the vinegar, 
the total acidity is calculated. CarboT»ate of barium may with advantage 
replace the lime carbonate. 

2'otal Solids or Extract . — 5 c.c. of tho vinegar should be evaporated 
bo a constant weight in a platinum dish on the water-bath. 
^^‘' ^pp l o ^ p Bigexliausted of malic acid is said to bo added to vinegars in 
u'der to incre^ Jjgj residue. According to Dr. Frear^ any residue 
containing i +V,a reducing sugar in its total solids 

contains unfenhenteef siij^far material. If the sample is sup|x>sed to be 

vine^r in liis possession was found ai'senical, and seized, iu order to be employed only 
lor industrial use.” — “Le Viuuigre,” Cbevallier, Journ. tVHyg,^ No, 46, June, 1877. 

^ Seven out of twelve samples of vinegar sold in Paris, and analysed by Alfred 
Riche, contained cop|Kjr varying from 5 to 16 ingrma. per litre. Joum. Pharm. Chim. 
[4], xxvj., 23-28. 

® Report of Ihs Pcumsylcaiiiu IhpartmeiUof Agriwllure^ 1898, p. 188. 
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irue wine vine(jm\ the solid residue should he tested for acid potassium 
tartrate*. 

Aa/i. — TJio residue fj-om 10 c.c. should he burned at as low a tempera- 
ture us ])OKsihle. It should ho tested for chlorides mid sulpliates ; these, 
if excessive, should be estimated. The total phosphates and the soluble 
phosphates should be estimated. 

If the asli of viuef^ar is less than 10 per cent, of the total solids, 
unfermeuted su^ar material is probably present ; while if it be less than 
0 per ei'iit. of the solids, it cannot bo a genuine cider vinegar.^ 

NUmjni. — 'J'he amount of nitrogen should be estimated, by the 
Kjeldahl-tjuiining metliod, in 50 c.c. of the sample. 

Mineral Arids. — lly the Vinegar Act of 18lS^ sulphuric acid was 
allo>\ed to be added to vinegar, “in the proportion not exceeding one- 
thousandth part thereof by weight.” Tliis Ae.t was, however, repealed in 
1861, and it is now illegal to add any mineral acid to vinegai-. Good 
vinegar should contain no mineral salts other than those contained in the 
brewing materials. There is, however, at presoit no legal decision 
preventing manufacturers from using water liea\ily charged with sulphates, 
or from adding calcium sulphate, or from introdiming calcium sulphate 
by ‘killing’ the acid with lime in the manufacture of vinegar from grain. 

Free Hf/drorhlorie Acid is detected by the distillation already described, 
and the testing of the ilistillate with nitrate of silver. 

Free. Nifric. Arid may (in the absence of other reducing agents) ,be 
detected by the rapid decoloration of a solution of indigo carmine added 
to the boiling vinegar, or by the diphenylamine test (see article on Water). 

Free Stdphuric Acid cannot be detected by the usual chloride of barium 
tost, for it fails to distingiiisb between free and combined sulphuric acid. 
The charring effect of the acid on paper, on sugar, or its action on stanjli 
(formerly taken as the basis of tlic older tests), is now re)»laced by more 
scientific methods, and need not be described here. 

One of the most speedy tests for the presence of mineral acids is that 
proposed by A. Ililgor-: — Two or three drops of a solution of methyl 
aniline violet (O’l ; lUO) arc added to 25 c.c. of vinegar; if pure, no colour 
is produced ; but if "2 per cent, of any mineral acid is present, the colour 
is blue ; or if *5 ])er cent., blue- green ; and if 1 per cent., green. 

A. Ashby’s test is also a' reliable and rapid one: — A drop of logwood 
extract in water (0‘5 gramme to 100 c.c.) is dried on a porcelain plate, 
a drop of vinegar added, and again dried. Pure vinegar gives a yellow 
residue, but if free mineral acid be present the residue is red. 

Another useful test is that of M. Strohl ;*^ it is based on the well- 
known fact, that oxalate of lime is insoluble in acetic, but soluble in 
mineral acids. The solutions requisite are — a solution of caleie chloride 
(15*1 grms. to the litre) and a solution of crystjillised ammonic oxalate 
(28*4 grins, to the litre); J c.c. of each of these liquids is added to 50 c.c. 
of the viiit'gar under examination, and if tlie turbiditv '• hicli is at first 
produced does not disappear, tlic liquid contqi 5 Y vinegar are- 

1'70 grm. cent, Hulplmric acid rarely hydiov^ 

-'86 ,, hydrochloric acid ( „ „ ,, 

4 '40 „ nitric acid ( „ „ ]-174) ,, 

The test, without claim to great accumey, is extremely useful ; for if any 

* Report of the Pennsylriinia Jicpartmenl of AgriniffnrCt 1898, p. ].*18. 

'* Archie dcr riiarmacic, 1870, 190. » Arch. Fharm. [5], 4, 342-340. 
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suspicious indicfitioii be observed, tlio vinegar may be tlien submitted to 
a more (daborate examination for free acids. 

As spL‘e(]y as any of the foregoing, and at once more scientific and 
accurate, is the pnjcess introduced by lichiier. Its principle is based upon 
the fact that vinegar always contains potash and soda salts of the organic 
acid ; licmifi, it is obvious that sulphuric or hydrochloric acids, if added in 
small (piantity, merely discompose an equivalent quantity of acetate or 
tartrate, as the case may be, and as freo acids immediately disappear; 
but if added hi excess of the amount of acetates and tartrates, the excess 
remains as fr<'o acid. It thus follows, that if any uiidecoin posed acetate 
or taidrate exists in the vinegar, it is impossible for a free mineral acid to 
be })resent; and since the acetates and tartrates are decomposed by 
ignition into carbonates, the readiest way to ascertain their existence is to 
examine the ash of the vini'gar for carbonates. If that ash is neutral^ 
fn'c mineral acid is ])r<ibably ]>rescnt ; if aUmfinr, no free aeid ean be 
present, although, of course, a small quantity may originally have boon 
added. 

The qualilat^'o test devised by TTehner is also made quantitative. If 
an aceiii'ati'ly-estimated volume of d. u. soda solution is added to a known 
(piantity of tlie vinegar, so as to neutralise slightly in exi'-oss the total 
oniount of free niiueral acid present, on ignition the alkalinity of the ash 
gives the measure of the ipiantity of free sulphuric or hydrochloric acid. 
The exact details of this operation, as practised by llebuer, are as 
folio /7S 50 c.e. of the vinegar are mixed with 25 c.c. of d. n. soda; the 

liquid is^ovaporated on a wsiter-bath in a^ilatinuiu basin, the residue dried 
at about 1 10' 0. and carefully incinerated at the lowest possible tomjuMature 
—tile ;ush need not be burned white. 25 c.c. of a d. n. sulphuric acid 
solulioii are now added to the ash, tli(‘ liquid heated to expel free COg, 
and hltered. The lilter is washed with hot water, litmus ad*dcd,^ and the 
acidity ascertained by <1, n. soda. The volume of soda necessary for 
neutralisation diri'etly gives the jiroportion of free mineral acid jiresent 
in the vinegar, 100 c.c. of d. n. corresponding to A 9 grm. of If 

the ainount of alkali originally added slimild have been insuflicient, it is 
necessary to recommence the experiment. For this reason Allen and 
Hodtiicr made some ex]ieriments in which the preceding manipulation was 
modified by neutralising the 9oh.r>//. -f the acid, organic and inorganic, liy 
soda soil)' ion. The results were sa tibiae f^iry, but great care must be taken 
to titrate accurately. 

Anotb. r very satisfactory way of separating and identifying the free 
mineral acids in vinegar is the following Saturate a known quantity 
with cinchonine, evaporate to dryness, <.r>e up the cinclionine salts with 
spirit, recover the spirit by distillation, .i.^solve the cinchonine salts in 
water, and precipitate by ammonia. The aqueous liquid will now contain 
‘■'le acetate of ammonia, together with the sulphiate, chloride or nitrite; 

three, of the free acitls were present, the acids may be 

(letermiiK of 

A methoQ .. ■* suljiburic acid from sulphates is to 

evaporate the vinegar to a syi'ap, precipitate the sulphates by alcohol, 
filter, wash the precipitated salts with alcohol, and determine the free 
sulphuric acid in the alcoholic solution. Provided sufficient alcohol be 
added, the separation of free from combined sulphuric acid is exact. 

’ Instead of litmus, oo(jhiiipal may be used ; the latter is unaflfectod by COa, and 
therefore prefemblc. 
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Another method, the principle of which was proposed by 'Jlireshj 
and which has been improved upon by W. C. Young, is to add to s 
known measure of vinegar an excess of BaClg ; the chlorine in a portion 
of the liquid is now determined with great care, the rest is evaporated, 
ignited, and the chlorine of the ash determined. The difterence represents 
the free mineral acid in terms of chlorine. The presence of free tartaric 
or citric acids quite invalidates the accuracy of the process, but, with these 
exceptions, it is generally }q)plicable. 

(3.) Colouring Matt nr . — Vinegar is often coloured with caramel; 
sometimes simply acetic acid thus coloured is sold as ‘vinegar.’ The 
vinegar should be well shaken up with a little Fuller’s earth and filtered : 
if caramel is present the filtrate will be very much paler than the original 
lifjuid. The estimation and detection of caramel has been worked out hy 
C. Amthor * as follows : — 10 c.c. of the li(pnd are put into a flask with 30 
to 50 C.C. of paraldehyde, and absolute alcohol added until the li(piids have 
mixed thoroughly. The flask is corked and allowed to remain undisturbed 
for twenty-four hours; by that time the caramel will have prcci})itated, 
'1\) still further identify it, the licpiid is decanted, the precipitate washed 
with a little alcohol, dissolved in hot water, and reduced by evaporation 
until it measures a cubic centimetre. On now treating the solution with 
phenylhydrazine, an insoluble compound is obtained. This is distinguished 
from the osazones of sugar by its amorphous appearance. 

Estimations of caramel are best made by imitating the colour of i'lie 
paraldehyde precipitate; for this purpose the precipitate is dissolved in 
water, made up to 100, and a solution of known caramel oontenj; used as 
a comparison liquid. Tossibly the plienylhydrazine compound could be 
weighed, but the limits of accuracy in this direction have not yet been 
defined, and the formula of caramel is not accurately known. A. Sabaneei 
and J. Antushevitch ^ believe, from cryoscopic researches, that its formula 
is Ci 2 r,Hjgf,Ogo. 

The colouring of vinegar with coal tar dyes docs not seem to be 
practised at the present time, but it is probable that these dyes will be put 
fjo this purpose, and in special cases they should be sought for by the 
ordinary methods. 

(4) Mfitallk Adulteration ^.— of tlie first group in vinegar arc 
detected by saturating the liquid with hydric sulphide (if the sample i^ 
not deeply coloured) or by specially testing the ash for copper, zinc, tin, 
and leai by the usual meth^s. Arsenic may be tested for by Reinsch’s, oi 
Marsh’s tost (see pp. 436-441). 

Zinc may be presumed to be absent if the nearly neutralised vinegai 
gives no precipitate with hydric sulphide. 

From the foregoing it will be seen that it is possible to distinguisli 
between the different vinegars by a consideration of the analytical figuret 
obtained from them. The watering of a genuine vinegar will be indicated 
by the low solids and low acetic acid. Diluted acetic acid coloured witl 
caramel or with strongly scorched malt, or diluted pyroligneous acid, will 
be found to have low solids and ash, and only a trace of phosphates, while 
the acetic acid is usually high. Pyroligneous acid may sometimes contain 
tarry products. It may be recognised, according to the French chemists, 
b}' the larger amount of furfurol than is the case with the other vinegars, 
A vinegar made from glucose, or from rice converted into glucose b) 

^ Zdt. f. anal, Chemie^ xxiv,, 30-83. 

’•* J. Rim. Vhm, xxv., 23-81. 
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inverting with sulphuric acid, may show traces of its orij^in in excessive 
sulphates. Dextrin may often lx» precipitated and identified. 

§ 335. laterpretaiim of tha Remits of Vinegar Analyses . — The chemists 
of the Municipal Laboratory, Paris, interpret the results of their analyses 
of wino-vinegar according to the following primjiples. The normal weight 
of extnict and alcohol in wine is in the proportion of 4 : 1 ; a tenth per 
cent, of the extract is lost during acetification ; on the other hand, 130 
grins., tlicorctically, of acetic acid is produced from 100 grrns. of alcohol ; 
in practice this must be diminished 15 per cent. The following table 
gives a calculation on the above basis : — 


A1 ' oliolic Strenpcth. 
I'or rent. (vol). 

Acetic Acid. 

Per cent 

Extract of Vinegar. 
Per cent. 

< 

rr315 

1*08 

7 

6*211 

1’26 

8 

7*106 

1*44 

0 

8*00 

1*62 

10 

8*895 

1*80 

11 

9*801 

1*98 

12 

10*71 

2*16 


The relation existing between the acetic acid and the extract is equal 
to 4*0 ; if a vinegar has a relation higher than this, allowing at the most 
a tenth (^lat is, really 5*0), an addition of alcohol is indicated, whether 
an actual addition or whether from the use of a fortified wine. The table 
also indicates the maximum and minimum quantities of acid which can be 
furnished by wines of from G to 12 per cent, of alcohol; and should the 
proportion of acetic acid fall below 5*3 per cent., watering may be con- 
cluded, especially if the potassic fcirtrate, ash, and extract are diminished 
in the same proportions. The French standard for vinegar is, therefore, 
near the standard of our old pharmacopoeia (5*41 per cent.). Vinegar is 
now omitted from the British Pharmacopoeia. 

It has been proposed by Hehner to calculate the various constituents 
on the original solids of the vinegar. As 60 parts of acetic acid are 
theoretically produced from 90 of gliuvse, the acetic acid is multiplied by 
1*5, as representing theoretically the sugar from which the acetic acid 
I was derived. To this figure is added the total extractive matter still 
feontained in the wort-vinegar, and the number thus obtained represents 
'the ‘original solids’ of the wort. Exauiph*s of this calculation are shown 
in Table LIV. This number obtained, tK* a^h, acetic acid, and albuminoids 
may be calculated out in terms of the original solids, which is doubtless 
a better guide to composicion than the usual way of stating them. For 
fAC-Tiple, cplculating a malt-, a ‘spirit-,’ and a ‘ sugar ’-vinegar in per cent, 
of the to., '■ jhe results are as follows : — 



Mait- 

Mnegar. 

Spirit- 

Vinegar. 

Sugar- 

Vinegar. 

Acetic acid, . 

49*8 

63*2 

- 60‘0 

Albuminoids, 

6*9 ' 

0*8 

1*15 

Phosphoric acid, . 

0*8 

0*0 

0*18 

Ash, , 

8*8 

0*4 

3*36 
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Lkmon Juice and Lime Juice. 

5^ 330. Lemon juice is the expressed juice of the Cilrm lwi.mum, and 
lime juice that of the Citi'vs arida and Ciirm limetta, The Board of 
Trade standard for lenion juice is a density of 1‘030 [when dealcoholised], 
and an acidity equivalent to 30 grains per ounce of citric acid. The 
liritish Pharmae()])U3ia directs that lemon juice should have a specific 
gravity of 1 *0^19, and should contain 32*5 grains of citric acid per ounce. 

Lenion, lime, and bergamot juice are all similar in their composition, 
containing citric acid as the predominant free acid, and small quantities 
of acetic, formic, and other organic acids, together with albumen, sugar, 
mucilage, and extractive matters. The mineral matter is very small, and 
contains 54 per cent, of its weight of potash and 1 5 jier cent, of phosphoric 
acid. 

'J’he juice is expressed in hhiglund, and also in Sicily, where the method 
of prejiaration is to mix one ounce of brandy with ten ounces of the juice, 
and over the surface of the liquid to pour a layer of olive oil. 3'his crude 
process of preservation is effectual, but is now being supplanted by more 
modern methods. 

Tlic followdug table shows the 8j>ecific gravity, free acid, and combined 
organic acid of the citric commercial juices, the acid being expressed in 
terms of crystallised citric acid [Al(en \ : — 


Lemon Juice — 
Raw Sicilian, . 

„ Pjnglish, . 
Concentral.ed, . 
hergainot Juice — 
Concentrated j . 
Lime Juice— 
j Rjiw, 

j Coucenti-aicd, . 


Specific Gravity. 

Free Acid. 

OzB. per gullon. 

0./mldne(l 
Organic Acid. 

Oza. per galluu. 


6 to 9 

0*85 

1*04 to 1*05 

11 to 13 

0*3 

1*20 to 1*25 

.57 to 72 

6 to 8 

1*22 to 1*25 

47 to 5.5 

7 to 8 

1*035 to 1*040 

1 10*8 to 13*5 

0*4 to 0*7 

1*28 to 1*38 

1 82 to 112 

8*6 


A. Borntriiger gives the following as the percentage composition of 



Eipe Fruit. 

Unripe Fruit. 

Citric acid, 

7-25 

7*70 

Reducing sugar. 

*75 

•21 

Sucrose, . 

*19 

■78 

Ash, 

•39 

•49 

Total solids, 

8*87 

9*30 


§ 337. AdidteruHom and Awihfnx of Vitnc Juku ^. — Lime juice has been 
rather extensively adulterated, and at the present time it is by no means 
uncommon to meet with a wholly lictitiwis article under this name. 

The chief adultei'ants of citric juices are : — ^Tartaric acid, mineral acids, 
glucose, cane and invert sugar, coal tar dyes, and preservatives. Tartanv 
add may be estimated as follows ^ : — 20 grammes of the juice are mixed 
with 5 grammes of KCl, the solution neutralised with potassium hydroxide, 
^ Select McHioiU of Food Amlym^ 1901, p. S23. Leffmann and Beam. 
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iiiifl made up to 60 c.c. with water. 6 grammes of citric ficid arc addeti, 
the solution well stirred, and allowed to stand all night. 1’he precipitated 
acid potassium tartrate is washed, first, wdth a siitn rated solution of the 
same substance, then twice with a 10 per cent, solution of potassium 
chloride, and titrated hot with standard alkali. 

Mineral. Ariila . — The general principles of the detection of these acids 
in a free state are entirely the same as in vinegar, and the remarks with 
regard to the alkalinity of vinegar-ash when genuine ajiply equally to the 
ash from the citric juices. (See p. 476.) (lood juice contains insigniticanD 
traces of sulphates and chlorides, so that the mere addition of silver nitrate 
or of barium chloride will at once show whether there has been any 
tampering with the li(piid. 

Nitric acid may be detected and estimated as described posi in the 
sections on Water Analysis. 

F. Scribani ^ adds to the suspected lemon juice an aqueous solution of 
ferrou;j chloride, strongly acidiiied with hydrochloric acid and free fi'om « 
lerric salt. The Ii(juid is boiled for a few minutes, and then a little 
sulphocyanide is added. If nitric acid has been present, it will have 
oxidised the ft'rrous salt into a ferric salt, and a deep bloofl red colour will 
be pnjduccd by the tost. 

(ilwme and m<iar» generally will b(; detected and estimated by the 
methods already described, remembering that the juices natnmlly contain a 
smaU <juantity of sucrose and reducing sugar. 

tbo’. tar dyea and pre^^er natives should be sought for by the ordinary 
methods. 

PoUonoViS Metnh. — The analyst should never neglect to look for these, 
paying sjKjcial attention to the examination for lead. 

§ Tlie Analysis of Lime Juire^ with a view to ascertain its strength, 
is conhned to the determination of the amount of citric acid anti citrates. 

The amount of citric acid is determined frequently for technical 
purposes by the aid of a special hydrometer, calletl ‘a citrometer,’ but 
this method is not exact enough for the purposes of the food-analyst. 
Nevertheless, it will alw’ays be well to take the specific gravity of tlie juice 
by A specific gravity bottle, or by any other reliable method, first boiling 
ofl any alcotiol which the juice may conttiin, and making it up to the same 
bulk as before tlie dealcoholisatioii. 

The anjount of free acid may l»e estimated by means of decinonnal 
Boda. A known quantity of the juice is taken and titrated with d. n. soda, 
tong phenobphthaleiu as an indicator. About 10 c.c. of the ordinary raw 
Ijpce be taken and diluted to 50 c.c. ; but the concentrated juice must 
B much diluted before titration. 

B The free acid known, the next step is to determine the amount of 
prates and other organic acids combined with bases. For this purpose, 
the measured quantity of the juice which hits already been neutralised by 
3oda iC ^'^ajiorated down, charred, and the chaned mass treated with a 
knowm vole. of decinonnal sulphuric acid, which must be sufficient to 
more than neutic*. ^ ♦he carbonates. 

The acid solution is filtered and neutralised by d. u. soda ; this will 
give the necessary data from which to calculate the amount of sulphuric 
acid used by the carlxinatea produced by the action of heat on the organic 
acids. This amount is equivalent to the total amount of organic acid ; if 


’ Oaz. Chim. Ital., viii., 294, 
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expressed as citric acid, forty-nine parts of sulphuric are equal to seventy 
of 2 H 3 C 6 H 6 O 7 H 2 O, 

The amount of free acid already obtained is now subtracted from the 
total acid, the diflerencc being that which is combined with bases. 

To ascertain the amount of real citric acid present iu the juice, it must 
be determined as c’^rafce of lime, for it need hardly be said that the process 
given above does not distinguish bet\vcen malates, meconates, or any other 
organic acids converted by heat into carbonates. To determine the real 
citric acid, Waringtoni recommends the following process : from 15 to 20 
c.c. of raw lime juice are exactly neutralised by d. n. soda, the whole made 
\ip to about 50 c.c., and heated to boiling. 

While boiling, so much of a solution of chloride of calcium is added as 
is known to be rather more than equivalent to the total amount of organic 
acids present. The boiling must be continued for half an hour, and the 
preci})itate collected and washed with hot water. The filtrate and washings 
• are evaporated to a, sniall bulk (not more than 15 c.c.), and a little ammonia 
added to exact neutralisation, if the liquid gives an ncid reaction ; a further 
precipitation takes place, and this second precipitate must be collected on 
a filter. The filters are dried and burnt up at a low heat, and their 
neutralising power with regard to acid is determined. For this purpose, 
the ash may ho dissolved in standard hydrochloric acid, and titrated back ; 
each c.c. of normal HCl neutralised is equivalent to '070 gvm, of crystallised 
citric acid. If either oxalic or tartaric acids should be present, the re mlts 
are, of course, inaccurate. 

^ Jounu Gkcvi, Soe,f 1875, 984. 
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MUSTAKB. 





§ 339. Mudanl is made from tlio seeds, finely ground, of the Sinapis 
nigra, or black mustard, or froju those of the Sinapw alha, or wliite mustai'd, 
or, again, from a mixture of both varieties. The maniifacturer reduces the 
seeds to powder, and passes the product through a series of sieves. The 
j)(jrtiou iu the first sieve is called the (hemngs; tliat which passes through 
is an irniniro rnmtard flour. The iniinire flour, on being passed through a 
second sieve, yields the pure flour of mustard 
and* a second quantity of dressings. The dress- 
ings iue utilised, by being submitted to pressure, 
for tlui sake of the fixed oil they contain. 

Mirro»ropical Sirudure of the Setul. — The 
white junstard seed is made up of the husk and 
the S4‘ed proper. The seed proper is simple in 
strncture, consisting entirely of minute oil-bearing 
cells ; their size averages '00041 inch iu the finely 
powdered seed; and they look extremely like 
.starch corpuscles, but neither polarise light nor 
strike a blue colour with iodine. 

The complicated structure of the husk of the 
mustard seed, in part unravelled by Hassall, has 
ore recently been fully investigaU'd by the 
hours of Semplowskis and v. Ilbhuels.^ It is 
iuilt up of no less than six layers (see fig. 67). 

(1.) Tlie most superficial is composed of almost 
quadratic thin-walled cells ('05 - 1 micro-milli- 
metre in diameter) co’^red with a thin cu+icle. 

"^he lumen is narrow, and the cells arc almost 
l^rely filled with a gelatinous substance. On 
f^dition of water the cells swell up to several 
‘^"‘^beir original volume, and the gelatinous 
escapes from some of the ruptured 
■f looked at from the •surface these cells are hexagonal (see fig. 68), 
le central lumen or cavity is seen surrounded by ring-like layers of 
luucilage. 

y2.) The second layer is formed of large, roundish, polygonal cells 
with thickened walls ; their form is not so well seen on section as on the 
surface. The cells present differences in different species of mustard, the 
' Moeller’s Mihroskopie, p. 261. 


Fir. 67. — Section throngh 
the coats of the seed of 
Hhtapis alba. — • sk, Tlio 
outer skin, filled with 
swollen mneus ; p, the 
polygonal cells in section, 
their form better seen in 
fig. 68 ; w, tJjo layer of 
wine-glass shaped cells: ^,a 
tbin-wallcd pareuchynia ; 
g, a layer of gluten -like 
cells; t, the inner seed coat- 
ing. Potash preparation 
X 160 (after Moelleu.) 


32 
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white mustard has cells with two distinct layers, and with intercellular 
spaces ; the black musbird hfis larger cells, with only a single hoinogeiicouK 
cell-wall, wdiile the Kussiaii mustard has likewise cells single-walled, but 
irregularly ])olyhodral in outline. 

(3.) Tlie third layer (jjui only be seen properly in section ; it consists of 
cells which liavc been likened to wine-glrtsses, though their outline rather 
suggests to the authors the soles of narrow-heeled shoes (see fig. 67). A 
striking peculiarity of these cells is that they vary in length or height ; 
the surface of the seed is mapped out into small pits ; in the middle of 
each of tlicso small pits the cells are lowest, at the borders highest. The 
cells are colourless in Siuipi» alha, but red-brown in Sinapis nvjra. 

(4.) The fourth layer is a thin-walled parenchyma filled with pigment in 
black and Russian mustard, but colourless in white mustard. 

(5.) The fiftli layer belongs morpliologically rather to the substance of 
the seed than the husk. It is a thick-wallod, single layer of polyhedral 
cells, containing a granulated substance. 

(6.) The sixth layer is composed oi an irregular parenchyma of traus- 





I'lo, 68.— A suporlioial of elements delineatod in section in fijfj, 67 ; tlie same 
lettering has been followed — e, embryonal tissue. Potash preparation x 160 (after 

Moellek). 

parent, colourless cells (see fig. 68), well seen from the surface, but 
indistinct on section (see fig. 67). 

As a rule, none of the husk is found in commercial ground mustard, the 
main hulk being made up of the substance of the seed. 

g 340. The accompanying tables (LV., LVI.) give some careful analyses . 
by 0. li, Piesse and Lionel StanselP of black and white mustard : — 

§ 341 . The Ghemisfry of MvMard is extremely interesting ; botli seeds, 
white and black, contain a fixed oil (from about 36 per cent.), and a 
sulphocyaiiate of sinapin and my rosin. Black mustard seeds contain, in 
addition to the foregoing, myronate of potash (about '5 to *6 per cent.). 
When the pow’dered black mustard seeds (or the mixed black and W'hite) ^ 
arc moistened with water, the myronate of potash acts ujwn the myrosin, 
and produces the volatile oil of mufiard. White mustard seeds, on the 
otlier hand, contain also a sulphur principle, dnedhin^ not found in 
black. 

Sinapirif CnjHgjNOg.— Sinapin exists as a sulphocyanate, Iwth in black 
and white mustard seeds, as well as in the seeds of Tvrritie gktbrat L. H 

*- AwUystf 1880, p. 161, 



wtiH first prcjiiirod by Henry mifl Oarot in 1825. Thcr best process for 
extraction of the siiipijoeyHnato on a small scale is (according to Vofi Babb) 
to exhaust the oil from the seeds by ether, then to treat with cold 
jibsolute alcohol, which only takes up a little of the sulphur compound, and 
lastly, to dissolve the sulphocyanato of sinapin out with 90 per cent, alcohol. 
The excess of alcohol is then separated by distillation, and the substance 
crystallises out, yielding about 1*1 per cent. 

Sinapin itself cannot bo obtained pure, but a watery solution may 
Hiadily be prepared by decomposing a solution of the bisulphate with the 

TABLE LV. 




White Mustard, 


Brown Mustard. 


Mustard, 
whole seeas. 

Mustard farina. 

Mustard, 

whole 

seeds. 

i 

Alnstiird farina. ; 


Yorkshire. 

Cambridge 

Superfine. 

Fine. 

Second. 

Cambridge. 

Superfine. 

Fine. 

Second. 

Moisture, . 

S)*82 

8-00 

6-30 

5-78 

6-06 

8-62 

4-35 

4 52 

5-63 ' 

Eat,* . 

25 '.'id 

27-51 

37-18 

35-74 

32-55 

25-54 

36-96 

38-02 

36-19 - 

CA\\\h<rV. . . 1 

10-62 

8-87 

3-90 

4-15 

9-84 

9-01 

3-09 

2-06 

8-26 

Sul])liur, . . i 

0-99 

0-93 

1-33 

1-22 

1-26 

1-28 

1-50 

1-48 

1-80 • 

Nitrogen, • 

4-54 

4-49 

5-06 

4-89 

4-25 

4-38 

4-94 

5-01 

4-31 : 

Albuniiu<'ids, 

2d -87 

26-00 

31-66 

30-56 

26-56 

26-50 

29-81 

30-25 

26-06 

Myr<i‘.jii audl 
iilhinUou. / 

5-24 

4-58 

7-32 

6-67 

6-11 

6-214 

6-46 

678 

6-14 

8olu^l^' luatter, . 

27-38 

26-29 

36-31 

86-60 

33-90 

24-22 

31-14 • 

32-78 

31 *41 

Volatile oil, 
Potassium my- ( 
i-oiiaie, I 

0-06 

0-08 

0-03 

0-04 

0-03 

•0473 

1-437 

1-500 

1-381 

... 



... 


1-692 

5-141 

5-306 

4-940 

A*ii, . . . 

4-57 

4-70 

4-22 

4 31 

4-30 

4-98 

5-04 

4-84 

4-91 

Ash Rolubln, 

0-55 

0-75 

0-44 

0-55 

0-33 

1-11 

1-01 1 

0-98 

0-77 


TABLE LVI.—Analysws -.f Ash of Mustard Sbed. 



WiUTK SEEDS. 

BKoWN .skrdb. 

Yorkshire, 

Cambridge. 

Cambridge. 

Potash, . , 

21-29 

18-88 

21 -41 

Soda, . 

0-18 

0-21 

0-35 

Lime, ^ . . 

13-40 

9-34 

13-57 

Magnesia, , 

8-17 

10-49 

10-04 

Iron oxide, 

1-18 

l-Oo 

1-00 

Sulphuric acid, 

7-06 

7-16 

5-56 

Clilorine, 

0-11 

0-12 

0-15 

PlKisphoric acid, ! 

1 32-74 

35-00 

37-20 

Silica, . 

1-00 

3-12 

1-41 

Sand, . . 

1 82 

1-95 

1-88 

Charcoal, 

12-82 

10-14 

7-57 


j 99-83 ' 

100-44 

99-70 



proper quantity of }.aryta. After filtering away the sulphate of baryta, 
tho tiltrate w of a y tallow colour jukI intensely alkaline reaction , it 
nrecipi titles many metals from tlieir solution, but on evaporation its colour 
clianires tliroiiuli green ainl red into brown, and at last it leaves behind an 
uncrystallisable brown residue. On boiling a solntion of Rinapiii with the 
alkalies or alkaline eartlis, the sinapin splits up into choline or sinkalin and 
sinapic acid, 

Cjr.n.,.,NOr, + 2\W = 0;.Hir,NO2 + 

and similar treatment of the suIphiKiyanate of sinapin produces the same 
decomposition. To snlphocyaiiate of sinapin is ascribed the formiihi 
C H NO CNHS It forms colourless, transparent, trimcatecl prisms, m 
wartfor starlike groups, without odour, Imt of a bitter taste, of neutral 
reaction, melting at 130“ C. to‘ a yellow fluid, solidifying again m an 
amorphous mass The sulphocyanate is readily soluble in water; but 
ether, turpentine, and bisuliihidc of carlion do not dissolve it. If to a hot 
solution in alcohol concentrated sulphuric acnl be added, bisulphatc f)f 
sinapin, + 2 OII 2 , separates on cooling in rectangular plates. 

From this^ salt the neutral sulphate may be obtained by solution 111 water, 
and precipitating half the sulphuric acid by baryta. 

iSinalhin, ^ sul^Btance whicli exists only in white 

mustard, and may ho supposed to take the place of myrbiiate of potasli. 
It splits up into sugar, bisulphatc of sinapin, and sulphocyaiiide of acrinyl, 
C I UN SO. 'I'he last, on treatment with alkalies, yields ammonia and Dho 
salt 'of an acid melting at 136" C., to which the formula GhH^Os is 

a substance analogous to emulsin, has not yet been obtained 
albumen- or lime-free ; its solution froths on being shaken ; it is coagulated 
by warming to 60“ 0., as well i^s by acids and alcohol. . .. ■ 

Mymuite of Potasli, C.oHigKNS.O.o, crystallises out of spirit, iri 
needles; out of water, in rhombic prisms. It is destitute of water o1 
crystallisation, is of neutral reaction, and has no odour, but is of a bittei 
tote. It is easily soluble m water, with difliculty in diluted spirit, am; 
scarcely at all in absolute alcohol, whilst it is quite insoluble m ether, 
chloroform, and benzole. If the concentrated aqueous solution of the salt 
bo digested with tartaric acid and absolute alcohol, the tartrate of potoh 
separated, and the Altered fluid evaporated with carbonate pf baryta, the 
filtrate from the latter will yield easily soluble crystals of myronate ot 
baryta opaque on exposure to the 

air; if heated, it develops ethereal oil of mustard, leaving behind sul^plmte 
of liaryta. A solution of myronate of potash gives with zinc and hydro- 
chloric acid sulphuretted hydrogen, ami then contains a salt of ammoni^ 
sugar, and half of the sulphur as sulphuric acid, l^ihng hydrochloric 
acid decomposes similarly. Concentrated potash-lye digested on the ry 
salt, and heated, devolopB voktUe oil of mustard, cyanide of ">7*. 
ammonia. If to a watery solution of myronate of potash, myrosm is added, 
volatile oil of mustard, sugar, and bisulphate of potash are formed ; thus. 




C^HjNS + aH„0 


'8^i8'-'e + SHKO4, 


-'ll!' 1» a IV T - 

the same reaction takes place if tlie freshly-prepared watery extract of the ' 
white or black mustard seeds be added.^ ^ 

1 In the analyeia of mustard. A. R. Leeds and E. Everhart {Bied.Cmtr., 3884, 140) 
have i)ro|)Osed to^ dissolve out potassium myronate by treatment with aqueous alcohol, 
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i§ 342, 343.J 

§ 342. Tha Mxt’d OH of both Bfark ami While Mustard appears to he 
idcfitimL- ~lt is a ^rellow, noii-dryiug oil of 0‘915 to 0‘920 specilio gravity 
at 15" C.f solidifying at from - 12“ C. to - lt5“ C., saponification value 
170 to 175, iodine value 92 to 106, and of a mild taste. It contjiins the 
glycerides of eriicic acid, of stearic acid, and of oleic acid, which last ihirhy 
considers different from ordinary oleic acid. 

Erucic Arid^ discovered by Darby in the fatty oil of the 

seeds of the white and black mustard in 1849, and the same acid has also 
been found in rape oil.' It is easily obtained by saponifying the oil with 
litharge, treating the soap with ether, which dissolves out the erucatc of 
lead, and decomposing the salt with hydrochloric acid. The erucic acid in 
solution is filtered from the chloride of load, the filtrate evaporated in the 
water-lath, and the residue recrystallised from ether. Krucic acid forms 
slender, long, wliite, glittering needles, without (►dour oi* taste, melting at 
from 33" to 34“ C., and coagulating again at 33“ C. ] it is insoluble in 
water, but dissolves easily in alcohol and ether. The acid, exposed to the 
air, gradually becomes coloured and rancid. If to water saturated with 
erucic acid bromine be added gradually, a crystalline compound can be 
obtained, C.23H42^K»^2> crystallises out of alcohol in small, white, 

warty masses, melting at 42" to 43“ C. Again, if the solution bo decom- 
posed with hydrochloric acid and sodium amalgam, it can again be clianged 
baej^ to erucic a(5id. Erucic acid forms definite salts, of the formula 

HC.2.Ji4jO,2. 

The V^olatUe Oil of Mmlardy C4H5N8, is mixed with cyanide of allyl, 
whieli may be s eparated by fractional distillation.’ Ordinary distillation 
of blaek musbird seeds yields it in the proportion of 0*5 to 0*7 per cent. 
It is colourless or slightly yellow; has a boiling point of ,148** C., and 
s])eciiic gravity 1 'OIS to 1 025 ; is somewhat soluble in \>'atcr, dissolving 
easily in alcohol, ether, and petroleum ether. According to Hager (Pharm. 
Ceidrniky x,, 65), the oommerciiil oil is much adulterated ; he enumerates 
as fiMudulent additions, alcohol, bisulphide of carbon, oil of gilliflowers, 
and castor-oil. The volatile oil of mustard prevents the coagulation of 
serum-albumen, as well as alcoholic fermentation. According to M itscherlich, 
this is the most deadly of all the ethereal oils, 4 grms. killirjg a kitten in 
two hours, 15 grms. in a quarter 01 in hour. The post mortem appear- 
ances were those of acute g9stroenlori<is, and the smell of the oil pervaded 
the blood, urine, and lungs. It has been used in medicine, chiefly 
externally, for its powerful rubefacient properties, blisteiing the skin when 
applied to it. 

§ 343. AduUei-ntions , — adulteration most commonly met with is a 
dilution of ground mustard with wheat flour, and coloured by either 
turmeric or Martin’s yellow dinitro-napbtbol. Other substances usually 
L*numerated as having been fraudulently mixed with mustard arc— cayenne 

iftor the oil has been removed by dry ether. The solution is evaporated, dried at 106®, 
fr('iglied, ard ignited, and the myrormte is calculated from the potassium sulphate of the 
y I. Myrosin and cellulose are not dissolved by dilute alcohol ; these are then treated 
with a half pr cent, soda solution ; the undissolved cellulose is weighed and ignibd, 
bilst the solution of myrosin is neutralised and precipitated by Kitthauseu’s solution 
Kco]n>er sulphate. 

B ^ V. Dircks (Zandwj. Vertucha-Stal.) estimates the volatile oil as follows:— The 
p^'dered substance is mixed with ten times its weight of water, and allowed to stand 
for nine hours at 50® 0. ; it is then distilled into alkaline permanganate, and thus the 
sulphur is oxidised into sulphate. Hiis sul]>hate is precipitated in the usual way by 
baric chloride, 
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pepper, ginger, gamboge, potato starch, pea flour, radish and rape seed, 
linseed meal, yellow Jochre, chromate of |K)tash, plaster of Paris, and clay, 
besides the ground seeds of the Sinaph armnds. 

A careful raicros(;opical examination by both ordinary and polarised 
light will dett^ct most organic adulterations. If on the addition of iodine 
to an infusion of the mustard in hot water, no blue colour is produced, it 
is cerbiin that neither wheat nor any other starch is present. 

Tlie chemical examination of mustard, for the puiposes of the food- 
analyst, mainly resolves itself into — 

1. Testing for turmeric, naphthalene yellow, and other coal tar dyes. 

2 . KstiiJiation of the total sulphur. 

:i. Estimation of the fat or oil. 

4. Estimation of the ash. 

5. Testing for gamboge. 

1. Tei<Ung far Turmeric and Naphtlialem YdUnr . — The detection of 
turmeric by its microscopical appearance is usually satisfactory ; there are, 
however, some good chemical tests. 

A. Extract the mustard with two or three times its volume of methylic 
alcohol, filter, and evaporate to dryness. If turmeric he present, the 
addition of hydrochloric acid to the extract will produce a red-orange 
colour, turned by excess of an alkali to green and blue; or the extjmct 
may be dissolved in the lea^it possible quantity of methyl alcohol, and 
evaj)orated to dryness in a porcelain capsule, in which there, has been 
placed a small piece of filter-paper. When the evaporation is complete, 
the paper is moistened with a strong solution of boric acid, and then dried ; 
if turmeric be present the paper will take a reddish colour \ if it he then 
treateil by an alkali, there is a play of colours, among Avhich green and 
purple predominate. 

B. Advantage may be taken of the fact that the colouring-matter of 
turaieric is strongly fluorescent ; that of mustard, on the other hand, is 

* devoid of fluorescence. The simplest method to detect the fluorescence of 
the yellow colouring-matter of turmeric, when mixed with miistard, is to 
^ pass a little oastor-oil through the suspected sample on a filter ; the oil, if 
turmeric be present, shows a very distinct green colour ; this is a test of 
considerable delicacy. Or an alcoholic solution may be placed in- a test- 
tube, .and held vertically in water contained in a glass blackened internally j 
if the observer now slightly incline the top from the window, and look 
from above mtsuie thd test-tube, the green fluorescence, if present, will be 
readily observed. 

Naphthalene TeMow or DinUro-Naphihol^ CjoH 0 (NO 2 ) 2 O, has been 
detected in mustard by E. Waller and E. W. Martin {Analysty 1884), The 
colouring-matter is readily extmeted by alcohol of 95 per cent., and dyes 
wool a bright yellow— its tmetorial power is very great. 

2. Estimation of the Total Sulphw ', — Most of the adulterants of 
mustards contain no sulphiur, or at least no very appreciable amount, in 
the unoxidised state. Mustard, on the other hand, in common with a 
large number of cruciferous plants, contains sulphur-organic compounds ; 
hence a great deficiency or excess of sulphur is indicative of adulteration, 
a normal amount no conclusive sign of purity. The percentage of sulphur 
should be between 1 and 1 * 6 . 

The total sulphur in mustard may be estimated by oxidation witli 
fuming nitric acid, or, more oonveuiently, hj alkaline permanganate, A 
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weighed quantity of mustard is boiled with excess of alkaline p^rmanganato 
and the resulting sulphate precipitated by barium chloride. The volatile 
sulphur compounds may be distilled by a current of steam into strong 
alkaline permanganate, and a similar determination of sulphates be made 
A. Schicht^ recommends to add alcohol to the permanganate after cooling 
and then a solution of iodine in pt^tassium iodide until a feeble ycJloM 
colour remains. V. Ooniu prefers to distil and oxidise the distillate bj 
bromine water. 

il. Esfiimtiov of the Fat or Oil. — This is particularly useful when wheat 
starch is the adulterating agent. Wheat flour does not ccmtaiti more than 
1-2 to 2*1 per cent, of oil ; mustard, on the other hand, from 33*9 to 3G'7 
pnr cent. A weighed portion of the previously dried sample may be platsed 
in the little apparatus figured at p. 50. As a rough guide the following 
formnhe may be nsc'd ; — 

= per cent, of mustard in the mixture, ?/ =• per cent, of oil found. 

32-7.r + 120 = 100// 
or 

34 - 7 .^ + 200 « 100 // 

and the mean values of the two equations may ho taken, 

4. Ediimtum of the Aeh . — The ash is taken in the way already 
described (see ]). 93). The total ash of dried mustard averages per 
ceftt. 'idle highest number the writers have obtained is 5*3 per cent., the 
lowest 5*088 per cent. Of this ash from *2 to 1*25 is soluble in water. 
It hone® follows, that if found above 5*5 per cent., mineral matters of 
foreign origin are present ; if below 4 per cent., it is an indication of some 
orginic adulterant. The American Association of Oflicial Agricultural 
(’heiuists take 4 to 7 per cent, as the limits for tlie ash of ^ound mustard 
seeds. 

5. Gamboge . — Gamboge as an adulterant of mustard is somewhat 
apocryphal; if suspected of being present, an alcoholic extract of the 
mustard must be prepared ; such an extract when treated with caustic 
soda becomes of a bright red colour, hydrochloric acid produces a yellow 
colour. 


PlJlTKR. 

§ 344, Black popper is the dried immature fruit of Pi^yer vigrtim^ one 
of the PiperaceXf or popperworts. 

White jiepper is the same berry decorticated, or deprived of its outer 
and black husk or covering. 

The pepperworts are a well-definefi natural order, confined to the 
hottest parts of the w’orld, and delighting in low places, valleys, and the 
banks of rivers. Although neither the number of its genera nor of its 
Species is great, yet the whole order is remarkable for a variety of active 
and useful plants — e.g.j the aromatic black and long peppers, the astringent 
inatico, the intoxicating Macropiper methystiemny the different varieties of 
cubebs, useful in the treatment of inflamed mucous membranes, and several 
pther plants possessing medicinal properties, “ belong to the natural order 
|pf Pipefacea^, 

* ZeiU amU, xxx,, ^61-668. , 

* Artauthe eumlyptifolia ia used in .Brazil in cases of colic *, Piper pori^ium, 
used in menstrual disturbances ; ChawM UtU mA Sirihoa cause salivation, and decrease 
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Black pepper itself is a climbing plant, attaining the height of from 8 
to 12 feet; the berries or, botauically speaking, ‘drupes’ — are at first 
green, then red, and if left still longer uiigathcred, turn to black ; but 
Ijcfore this latter change takes place the berries are gathered by hand and 
<lriod ill the sun, the result being an entire change of aiipearancc ; instead 
of a rod, smooth berry, a black or reddish-black peppercorn, with the 
cortex contracted and shrivelled in such a manner as to form a veined 
network, is obtained. The plant is cultivated in various portions of the 
eipiatorial regions of the earth, the zone of cultivation being contined to 
the isotherms of 82“ F. It would not, however, be strictly correct to say 
that this high mean annual temiierature is essential, or even necessary ; 
for the fact is, tliat it is produced principally in the cooler valleys, where 
the mean annual tempemture docs not, perhaps, exceixl 70" Fahr, 

The black pepper imported into this country principally comes from 
the islands of Malacca, Java, Borneo, and Sumatra. The commercial 
varieties are at least live~viz., Malabar, Penang, Sumatra, Trang, and 
Tcllichcrry, names indicating the localities wdience they are derived. 'I'lie 
differences which these diflerent varieties of pepper present to the eye are 
evident enough when the several samples are at hand for comparison ; but 
it takes a very practised observer to identify a solitary sample; and if 
samples of each of the kinds named were mixed together, it is doubtful 
whether an adept even could separate the berries again, identifying each 
sort with any correctness. The merchant, indeed, relies more upon Yhc 
weight than the appearance ; he takes a handful of peppercorns, and by 
long practice can tell in a moment whether it is a light or a heav}^ sample. 
Chevallier has determined the weight of what is technically called heavy, 
half-heavy, and light pejipcr. A litre of the first weighed 530 grins. ; of 
the second, 512 grms. ; of the third, 470 grins. That there is considerahle 
difference in weight in the different berries is certain, for one of the writers 
carefully weighed 100 berries of each kind, with the following result ; — 


100 peppercorns of Penang weighed 
100 „ Malabar 


100 

100 

100 


Sumatra „ 
Trang „ 
Telliehony ,, 


Orammes. 
0-2490 
0-0636 
6-] 476 
4-5736 
4*6076 


If, then, quality is to be judged of by weight, Penang and Malabar may be 
bracketed together as standing first, Sumatra holding the second place, 
and Trang and Tellicherry bracketed together in the third. The general 
opinion of the trade is, that Malabar is really the heaviest, and possibly 
the samples of Penang examined were, unusually fine. The whole of the 
ground peppers of commerce are mixtures of different kinds of pepper; 
there is no such thing to be found in the shops as a pure ground Malabar 
or a pure ground Penang. The principal varieties mixed for household 
purposes and retailed are Malabar, Penang, and Sumatra; the first of 
these is the dearest. 

The usual mixture, according to Chevallier, is — 

33 per oeait. of Malabar to give weight, 

33 „ Penang „ strength, and 

33 „ Sumatim „ colour. 


the function of the skin. Besides these, Acrocarpidiwn, hispidulim, Coccobryon. mpense, 
Artanthe aduncot Chamca adunca and others, possess active and useful properties. 
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Tlie pepf)or thus mixed is either ground by the aid of large mill stones, or 
in an apparatus perfectly analogous to a coffee-mill. I'ho latter mode is 
far preferable to the former, as the friction of the stones develops consider- 
able heat, Sind dissipates some of the aromatic principles. re])per thus 
damaged by the heat of the iiiechanical operations is teclniicsilly known as 
‘biu-nt.’ 

Micnmopit'ol Structure of Ppppm\ — ^J’hc black pepper berry is composed 
of the seed enveloped by its pericarp, both being adlierent. The mieros- 
eo])ical structure will be readily understood on reference to figs. 69 and 70. 
Tliere is first a rather thick cuticle (*005 mu).) containing a single layer of 
small sfpiare cells, filled with a brownish sub- 
stiuice ; beneath the epidermis is seen a eloscly- 
])acked, yellow layer of radially-arranged (;ells, 
with thickened walls of about *05 mm. in 
diameter. The cavity of each cell is filled up 
with a lump of resin ; beneath the layer of 
thick cells is the parenchyma of the pericarp, 
consisting of two sets of cells. Tlie outer 
layer is composed of soft tangentially- extended 
colls containing numerous starch granules, 
drops of oil and lumps of resin; it is the 
shrinking of this soft loose layer that is the 
chfef cause of the wrinkling of the berry; 
among these colls may l)e often seen bast 
fibres .anrl spiral vessels. The inner layer of 
the parenchyma is large-celled, the colls con- 
taining many drops of ethereal oil. A layer 
of one or two rows of thick- walled, tangentially- 
armiiged cells concludes the structures belong- 
ing to the pericarp proper ; the rest of the 
h{irry is made up of the testa and albumen 
of tiie seed. The testa consists of an outer 
brown, and an inner transj^arent, membrane ; 
the outer brown consists of tw*o layers of cells 
exhibiting no very definite form on cross sec- 
tion ; but when the seed is sfxaked in water 
and thill strips tom from the testa, the outer 
layer is then seen to be composed of regular, 
long, five- sided cells. The albumen of the 
seed is formed of angular radially-arranged, 
large-celled parenchyma ; mo.st of the cells are 
‘died with extremely small starch granules (see 
t)age 144), each of which, when examined by the aid of a high power, 
shows a central nucleus. Here and there may be seen cells containing little 
passes of a yellow resin ; such yellow masses kept under glycerin for some 
Brno develop crystals. 

[ White Pepper is the ripe fruit of the same plant; the berries are 
^ked in water, and then most of the dark pericarp is rubbed off. All 
pe structures l>elonging to the pericarp are not detached, the skin 
feparating at the vascular zone. The microscopic structure of white 
fepper is, therefore, the same as that of black, minus the portions 
[■emoted. * * 

Vepper contains two alkaloids, piperin and piperidine, a volatile oil, 






Fjo. 69 . — A Hi'ciioji of black 
pejijier x 160.— c;?, Ejiiderniis 
covered wth the cuticle, c ; 
0 , the out.oi’ layer of hard 
cells; Pf thin -walled pareii- 
cliyma, many of the cells liav- 
ing oily conteiits ; i, the inner 
layer of hard colls, showing a 
peculiar one-sidud thicken- 
ing ; (X, b^ coatings of the seed 
proper, « being the more ex- 
ternal brown layer, and b the 
inner colourless layer ; E, the 
endos])erm, containing the 
starch cells, st, and here and 
there lumps of rosin as at r. 





and an acrid re^?in, boKidcs gum, starch, vegetable albumen, salts, and 
other substances. , 

Oil of Pnpper has a specific gravity of from 0*86 to 0*99, and a boiling 
point of 187“ to 170“ C. It is a clear fluid, possessing a mild taste, and 
corresponds to the formula C^qIIi^.. Bf)th white and black pepper contain 
a little more than one per cent, of this oil.^ 

§ 34.J. (Cj^HigNOg) — was discovered by Oerstedt in 1819; 

it is found in white, long, and black pepper, in Ghaviva nffichiamm, in 
oubebs, in the berries of Si‘hinus moUiSy and in the bark of Liriodendron 
fulipifora. The quantity of piperin in peppers varies from 4 to 8 per 
cent. When pure, piperin crystallises in colourless, brilliant, four sided 
prisms ; it is almost tasteless, and presents no alkaline reaction. It melts 
to ail oily mass at about 1 28“ C., solidifying in a resinous form ; is soluble 
in petroleum ether, alcohol, ether, the volatile oils, benzoic, chloroform, 
and creosote. Concentrated nitric acid changes it into an orange-red resin ; 





if this be treated with a solution of caustic potash, a blood-red colour is 
produced, and on boiling piperidine is developed. Heating with alcoholic 
potash decomposes piperin into piperidine and piporinate of potash, 
and the same substance is quickly developed by heating with soda 
lime. 

Piperidine, (Hexa hydro-pyridine), is a liquid boiling at 106" C. 

It is easily soluble in water and in alcohol. According to W. Johnstone® 
the. amounts in black pepper range from 0‘39 to 0‘77 per cent.’, mean value 
0’66 per cent. ; white pepper contains smaller quantities, from 0*21 to 0*42 
per cent. 

PtpmV Aacf-~C| 2 Hio 04 ~--i 8 obtained by boiling piperin with alcoholic 
potash, decomposing the piperate of potasli by the addition of HCl, and 

^ IhimaB, Jwnt. Chem. Med., *i,, 308. ♦ 

* Ckem. News, Iviii., 285. 


pepper; 






iubs(iqucut purification of the acid by cry stall isation from alcohol. Tim 
icid is in the form of yellow hair-like needles, some of which may be 
iublimed undecomposed ; they dissolve easily in boiling alcohol, but are 
scarcely soluble in water. I’lie crystals melt at 217° C. 

Bucheim has given the name of “Chavicin" to a siibstaiico which ho 
separated as follows : — Black pepper, after being exhausted of all matlers 
soluble either in alcohol or water, was treated with ether. The ethereal 
extract was shaken up with potash ; on then separating and distilling the 
ether, rhavuiii is loft behind, of the consistence of thick turpentine, and 
[jf ssessing a biting taste ; it has not yet been obtained pure. 

340. T/if‘ of The following is an analysis of the ash of 

Tellicherry pepper : — 


l’<»tasb, 

1(H) of AbIi. 

. 24*380 

ino itrniB. of Artli. 

Phosphoric aenl, , . .'<■470 

Soda, 

3*226 

Sul))hunc acid, . 

SC()I3 

Magnesia, . 

. 13*000 

(Jhloriiie, 

7T>7() 

Linn', 

, 11 ‘(^OO 

(’arbonic acid, , . 

ll-Oi.O 

Iron, 

. . 0*300 

Sand, 

6 *.".30 

The total ash of pure black pepper should not exceed 7*0 

]K‘r (Hint.,, 


and of white ])epper 3 per cent. No pepper'ash should coubiin more than 2 
per cent, of 8i().j. The phosphoric acid averages 8*5 per cent, of th(! ash. 
l^ppcr also contains small quantities of carbonate ; f.c., from *5 to 1 *5 per 
cent The asb itself will be found to contain from 30 to 60 per cent, (d 
car bongos of the alkaline earths. 

I^’ifratea and NiirH(>» in Pojfper . — Comparatively few observations of 
the amount of nitrates and nitrites in organic substances are on re(!ord : it 
is !i .subject of some scientific interest, especially since it has been observed 
that nitrates and nitrites are decomposed in the presence* of free (►xalic 
acid Whether the determination of nitric acid will be of service to the 
food-analyst or not is unknown ; it certainly may be so, if it be found that 
a substance rich in nitrates is fraudulently mixed with one jfioor in niti’ates. 


Calculated as 
NiirloAuid. 
Gnn. 


100 gnus, uiidru’d Vciiarc jwppcr yield 0*04470 

„ ,, Maluli&r ,, 0*03858 

,, ,, TfiJiulierry ,, 0*08860 

„ „ Sumatra „ 0*00560 

„ „ Trang „ 0*11870 


§ 347. General Compodiion of Pe;>f 't. — A sample of Penang pcjrper 
analysed by one of the authors gave the following results: — 


Volatile oil, . . . . , 

Acrid resiu, . . . 

Piperin, 

Substances soluble in water, gum, starch, and 
other matters, subtracting ash, 

Substances insoluble in alcmiol and water, 
Water, 


Per cent. 
1*04 
1*77 
5 17 


14*74 

67*75 


9*23 


The following table exhibits some analyses made in 1876 of gemiint 
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black peppers, iind may be compared with similar determinations of white 
and long peppers : — 


TAliLE LVII.— Gknkual Composition of Commkkoial Pepf'Kks. 




fe . 

5:“ 



Ash in Pepper 



Plu 

^1 


Aqueous Extr 
in Pepper dri 
at 100" C. 

dried at lUO" 0. 


H 

&,£ 


.2^ 

flta 

•S.2 

M'S 

Soluble in 
wilier. 

Total. 

l^enang, . 

Per eoiit. 

Per cent. 

Per cent. 

Per cent. 



9f.3 

5*57 

2*08 

18*33 

2*21 

4*18 

Tollichony, 

12'90 

4‘(i75 

1-70 

16*5 

3*38 

5*77 

Sumatra. 

10-10 

4*702 

1*74 

17*59 

2*62 

4*31 

Malabar, . 

10 

4*632 

1*74 

20*37 

3-45 

5*19 

Trang, 

Il'CO 

4*600 

1*70 

18*17 

2 *.^.3 

4*77 ' 

White pepiior, com- | 
mcrcial, { 

10*30 

5*600 

2*05 


0*.56 

1*12 

Long ])epper, . 


1*800 

0*80 

16*82 

4*47 

8*30 


§348. Analysis of Pepper . — The a.nalyses (Table LVIll.) of genuine 
peppers and popper adulterants, by A. L. Winton, A. W. Ogbeii, and 
W. L. Mitchell, will be found of great value. The ash and hyj,ro8eopic 
moisture are estimated in the usual manner. The piperin and resin 
are the most important to determine. 

W. Johnstone recommends the conversion of piperin into piperidine. 
10 grms. of the pepper are digested at lOO** C. in a closed flask with 25 c.c. 
of water and 25 c.c. of alcoholic potash. After from four to five hours’ 
digestion, the flask is cooled and the contents distilled and titrated until 
the distillate is no longer alkaline. 

Piperin decomposes into piperidine, C^HuN, and pipcric acid, Ci 2 n|o 04 , 
A’^hich unites with potash ; hence it follows that every molecule of 
piperidine found is equal to a molecule of piperin — i.e., 1 c.c. of d. n. acid 
used by the distillate indicates 0*0285 of piperin. 

An alcoholic extract of pepper practically consists of resin and piperin, 
so that if the alcoholic extract be determined, and then the piperin by 
Johnstone’s method, this last value subtracted from the total weight of 
extract, minus any ash, should give approximately the' resin. 

Instead of the above methods an ether extract may be made and 
evaporated to dryness ; this, according to A. L. Winton, should bo not less 
than 6 '5 per cent. Piperin may be isolated from- this extract by dissolving 
the resin in sodium hydroxide, then treating the residue with alcohol, 
filtering and evajwrating to dryness. 

It has been proposed by Lenz to take as a basis for calculation of the 
amount of any adulterant the organic matters of the pepper. This is of 
course obtained by subtracting the hygroscopic moisture and ash from 
the total weight. The pepper-starch is then converted into sugar, and 
the sugar estimated; in this way very constant results. are obtained, as 
shown in Lenz’s experiments^ and ^so in some determinations on the 
same lines by lieisch.*'^ 

^ Z§it. anal. Vhem., xxiii., 501. 
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H. Kiiboiirditi'fi^ method has for its principle the estimation of the 
residue not capable of transformation int-o sugar and soluble matters by 
boiling with acid. A grm. of the sample is boiled continuously for an 
hour in 100 grms. of distilled water and 4 grms. of sulphuric acid; the 
boiling is best carried out in a flask adapted to a vertical condenser. The 
insoluble matters are wiisbed, dried, and weighed in a tared filter. 
Itabourdin found that ground genuine black pepper gave, as an average, 
-.35 per cent, insoluble residue; olivo-stones, *745 per cent. A better 
method is to use the American method of estimating crude fibre: — 2 
grammes of the ether exti'acted 8ul»stance are boiled for thirty minutes 
under an inverted condenser with 200 c.c. of 1 *25 per cent. 11.280^^, then 
filtered and washed. The undissolved subatanoo is then boiled for thirty 
minutes with 200 c.c. of 1*25 percent. KOII, filtered, washed, dried, and 
weighed, burnt to an ash and the ash deducted from the weight found. 
A pure black pepper should not contain more than 16 per cent, of fibre, 
and a pure white pepper not more than 8 per cent. 

§ AfluUfrations of — Pepper has been adulterated fur at 

least two centuries and a half; for Pierre Pomet,^ writing in 1614, says: 
“ As the greatest part of pep})er, while as well {is black, is sold ‘ haUu ’ 
(that is to say, [lowdered), it should only he bought of honest merchants ; 
i)ecausc all the pepper the retailers sell is no other thing for the white than 
‘ (TAwmjne hlanchSes,' or rather black pepper whitened with ground 
rice ; the black is only the dust either of the crust of bread, grey Auvergne 
spices, or manignette.” 

The list of the adulterations enumerated by authors is an extraordinary 
one. Linseed -meal, rice, pepper, leaves, mustard, wlieat flour, sagw, woody 
fibre, chillies, rape-seed, potato, spices, capsicum, maniguette (otherwise 
known as Guinea pepper), chicory, rye, powdered leaves of the laurel, which 
liad been previously used to wrap round extract of liquorice, the stones 
from olives, bone-dust, marine salt, and various mineral adulterations, are 
Jill said to have been detected. 

How’cver various may ho the adulterations in Franco (where, Chevallier 
tells us, in Paris alone he was acquainted with a manufjictory producing 
1200 to 1500 kilogrammes annually of a mixture sold solely for the purpose 
of adultei'atiug pepper), the only common adulterations of tins country were 
until lately what are known in the trade as P.D., H.P.I)., and W.P.D,, 
abbreviations for pepper-dust, hot pepper-dust, and white pepper-dust. 
'I'he first, or P.D., used to he principally composed of faded leaves, but 
liuseod-meal is now preferred ; H.P.D. is chiefly the husks of mustard, and 
W.P.lh is ground rice. 

Maize has lately been used in Kugland to adulterate pepper. Other 
starches, nut shells and bleached pepper hulls will all be detected by a 
careful microscopical examination. Pepper hulls will also have the 
effect of raising the ash, decreasing the ether extract and lowering the 
mtio of calcium carbonate to total ash. The amount of fibre is also con- 
siderably raised. 

Cayenne i)epi>er is said to be added to pepper to restore pungency. 
It may be detected by heating some of the separated red particles, when 
instating vapours are given off. 

Long pepper may be detected in black or white pepper by the strong 
and characteristic odour when warmed. The ash will bifound to be Ingh 
and the ethereal extract low. 

J Journal (U Fhanmfie [6], ix. 28P-287. ® Pomet: 'iHist. G6n, des Drogues,” 1735. 



OUmSfoneSt VoivMU PefipmUe . — Towards the end of 1886, oonsidoi 
able ettiisi»iiiii)ents of pe])per came into Kn^lisb coniinovce adulterated will 
' poivrette or ground olive-stones. 

The olive-sl^nc has an extremely hard endocarp, diflicult to grind, am 
by boiling in dilute sulphuric acid or by heating with potash, the f)article 
become of a reddish colour, and may thus bo picked out of mixturet 
Microscopically, ground olive-stones will be found to consist mainly e 
hard prosenchymatous cells ; the superficial layers are fibrous, and are ii 
company with numerous vascular bundles ; the more numerous cells ar 
short cells of various forms, but all showing frequently pore canals (se 



Fio. 7]. — Tissiws (tf tlu! uliv«‘-stoin', x ICO.-— /, TliU'kciiwl fibrcK with spiral vmelb ; / 
Imrd I't'lls from the middle layer of the stoim ; i, inner layer of hard coIIh, restiii 
on ilie ciidothcliuni, t'u ; ap, spiral vessels ; ep, ejadermis, through which may 1; 

a brown parenchyma ; e, embiyoiml tissue ; c, soft cells IVom the olive fra 
occasionally adhering to tlm olive-stone ; C, tissue of the cotyledons. 

• 

fig. 71). These structures have hut a slight similarity to the analogoii 
structures of the iiepper-berry. 

The specific gravity of jKipjM'r is about 1 173, that of olive stuiies higher, ] 
gl}oerin and water be mixed so as to have a density of 1*173 at 15* C., Uie peppt 
either floats or is suspended, the olive-stones sink. In this way small percentages i 
dive-stones may be roughly separated. 

Advantage has als(» u^'en taken of the different effect of colouring-matters on pepjM 
and olivo-Htones. Aniline acoUte coi».its olive-stones yellow-brown, pure i)eppi 
rcuiuiiifj of a greyish-wJiite. ^aphthylauiino gives a yellow orange, tlialline pui 
orange. The bxencli chemists use the hydrochlorate of dimethylpamphenylejiediaminc 
The pc]. pi ‘T is put in a pojcelain dish, and a solution of tlie above-uamed salt iK)urt 
direct on the powder ; a little water is added, and the whole stirred ; if olive-stoiicB ai 
present, they sink to the bottom and ar© stained a brilliant red colour. 

D. Martilli digests for two or three days 3 <,rm. of phluroglucol in 50 to 60 c.c. < 
II Cl, specific gi’avity 1*1 ; the clear solution i- ‘I'.cauted. To about half u gramme ( 
tliepep]ier, enough of the reagent is added w- just cover it, and the mixture, is h«.it(i 
for a fe.v ininut^ Poivrette and, generally, similar substances give a redtlisli-viol 

t This reagent may be made as follows :r-Iu a porv.elain dish 10 grms. of dimethy 
aniline are mixed with 20 gnns. of pure bydiuchforic acid ; 100 gems, of crushed ii 
arc added, and little by littlq 100 c.c. of a 7 per cent, solution of sodic uitrko. At tl 
end of half an hour, 30 to 40 gnns. more hyarochloric acid are added, ond 20 grras. ( 
leaf tin. The redueticn is allowed to cool for an hour, then the tin is precipitated I 
granidated zinc. The liquid is filtered, and saturate with sodic carbonate until 
mteomes cloudy ; it ia cleared by acetic acid ; 10 grms. of sodic bisulphite are added 1 
prevent oxidation, and it is diluted to 2 litres. 
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(iolour. Oti adrlijifj wator and dooantinpj, tluj powder loft mainly consists of the 
udiilW'raiit. The ant 111 ITS have tried this process, and it, works fairly well. According 
to (lillol a 7 per ooMt. alcoholic solution of iodine iTn[):irLs to pepper a brown stain ana ( 
to poivriit.te a yellow ono. 

Sniitl is a common adulterant, whether derived from the sweepings of 
the shojis, or tulded as sand, is by ;io means clear. The sand, of course, 
inlhieneos the weight of the ash, which should never exceed 7 per cent. 

Dr. llassall made some deterruinations of the ash of some fifteen or 
sixteen eoimuercial samples of black pepper ; of these only one was under 
5 per cent., the percentages of the other fifteen being distributed as 
follows : — 

One, gave between 5 and 6 per cent, of ash. 

Throe ,, 6 and 7 ,, ,, 

'rhreo ,, 7 and 8 „ „ 

Seven 9 and 10 ,, „ 

Ono ,, 11 and 12 ,, ,, 

It is difficult to believe that more than 2 per cent, of unavoidable 
material dust can get into the pepper by grinding, etc., and tlic inference 
naturally is that most of the above samples were udidteratcd. The 
maximum percentage of ash from genuine pepper which the writers ha\;^,i; 
obtained is 5'3 jier cent. 

The sand foreign to the pepper ash is best separated by the chloroform 
process as used for alum in flour (p. 158). Nearly all the foreign 
mineral matter sinks to the bottom of the tube, while the lighter starcliy 
matt(‘rs float. 

Besides the formidable list of adulterations already mentioned, the 
berry itself is not free from manipulation ; for, as the merchant judges 
by the W(nght of the sample, moans are taken to render the lighter sorts 
equal in weight to the heavy Malabar and Penang, and in (jrder to do 
this they are macerated in tubs of brine for twenty-four hours, and thus 
impregnated with suit and water find their way into the market as 
Malabar; but such samples are quickly recognised by the astute 
merchant; and the high chlorides, the high ash, the great amount of 
humidity, could hanlly fail to reveal their nature to the analyst. 

As coffee has been cleverly imitated by chicory pressed into the shape 
of the coffee-berry, so by pressing various pastes into the shape of tlu^ 
pepper-berry has pepper been imitated. Of this adulteration there is the 
most undoubted evidence. Accum noticed artificial peppercorns made of 
oilcake, common clay, and Cayenne pepper, and Chevallier states that 
in 1843 he was requested to examine a sample taken from forty bales, 
in which he found from 15 to 20 per cent, of artificial pepper, composed 
of pepper-dust, bran, and other matters. 


Cayenne Feppeb. 

350. Cayenne pepper consists of the powdered pods or seeds of the 
Capsicum annuum^ a plant belonging to the natural order Bolanaceuc. It 
is a native of America, but is also cultivated, to a slight extent^ in the 
greenhouses of England and other European coiintries. It is sold entire 
under the name of Chillies, The microscopical structure of the capsules 
is somewhat peculiar : the epidermis is formed of cells, the walls of which 
are thick, flattened, tortuous, w'ell defined, and punctated here and there ; 
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frequent drops of a reddisli-orange oil occur, especially in the parenchyma, 
which is formed of thin -walled, rounded cells. The envelope of the grain 
itself, when cut in thin vertical sections, presents a very singular 
appearance, that of radiating dentiform processes, the apex of each being 
apparently fixed in tlie outer mcinbrune. The substance of the seed 
jiroper is composed of small angular cells, with black colourless walls, 
filled witli granules and a yellow orange oil, but without starch. 

Cayenne pepper, as met with in commerce, is in the form of a some- 
wlmt coarse, brick-tlust like powder, the least particle of which, if heated 
strongly, volatilises a very acrid vapour, causing intense irritation of the 
throat. This sensation can he produced by so minute a portion of 
cayenne, that any foreign substance mixed wdth it could in this way bo 
detected ; it would be only iieccssiiry to scimrato carefully, by the aid of 
the microsoojM^ and a cainers-hair bnisb, all particles of cayenne, and 
beat the })ortion suspected; if no acrid vapours were given off, the 
sid>stance could not be cayenne. This intense acridity ap[)cars to be duo 
to a bcKly discovered by Dr. Thresh, and named by him Capsaicin. 

^ 351. Cap.s‘a?V/«— specific gravity DOfiO — is in the form 
oF minute crystals, which melt at 63-63“*5 C., volatilise unchanged at 
1 15“’6 C. (‘240“ h\), and at 120“ 0. (248“ F.) become brownish-black. 
The fruit yields about, ’03 per cent. Capsaicin contains a methoxy and 
a liydr(»xy group and has the profjertios of a weak phenol-like acid. It 
may bo obtained by exhausting cayenne by petroleum, evaporating the 
pctilileum, and treating the extract thus obtained by dilute solution of 
potash; on now saturating the solution with carbonic anhydride, it is 
preci}»i tail'd in very small crystals. It dissolves slightly in cold, and 
more readily in boiling, water; is easily solnblc in alcohol, proof spirit, 
ether, amylic alcohol, acetic ether, acetic acid, benzine, the fixed oils, and 
soliiti(,iiH of the alkalies. It dissolves slowly in turpentine and carlwnie 
disulpliidt'; when pure, petroleum does not dissolve it readily, but the 
presence of the red oil in the pepper increases its solvent powers ; it is 
totally insoluble in solutions of the carbonates of the fixed alkalies, and in 
ammonia. Excess of platin chloride added to an alcoholic solution of 
capsaicin and allowed to evaporate, develops the odour of vanillin. The 
crystals moistened with strong sulphuric acid and a little sugar added 
become after some hours a fine blue.^ Silver nitrate gives a precipitate 
with alcoholic solutions of capsaicin ; it also yields white precipitates with 
barium and calcium chlorides. H is powerfully pungent, causing, if 
volatilised, severe fits of coughing. 

It would appear that capsaicin is not contained in the substance of the 
seed ; for i? the pericarp be caiefuliy separated, the seeds are entirely 
devoid of acrid taste. 

Dr. Thresh has also described a coniMu-likc alkaloid, obtained by 
exhausting the pericarp with benzine, evaiKirating, dissolving in ether, 
shaking the solution with dilute sulphuric acid, partially neutralising with 
barium carbonate, and evaporating to a small brlk. Some red fat now 
separates, and after the removal of this (upon adding an excess of alkali, 
shaking with ether, and evaporating) a brown residue is obtained, smelling 
like coiiiiim, and giving precipitates with Ncssler reagent, iodine, and 
iodides of potassium and cadmium. 

The acrid oil Va}mcol^ Oapsicitiy and other substances described by 
Bucholz, Braconnot, Bucblieim, etc,, are undoubtedly mixtures. The 
> Karl Micko. Zeit, UtUm, liahr, II. 411, 
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general conipotiition of cayenne pepper inay, however, he gathered from the 
following analysis by C. Richardson : — 




Poll. 

Whole Fruit. 

Water at 100" 0., . 

8*12 

14*75) 

11*94 

Albuminoids, 

18 -.31 

10*9.5 

13*88 

Kthor extract, 

28*54 

5*48 

15*26 

If 

21*33 

38*73 

.32*63 

Crude fibi-e, . 

17*50 

23*73 

21 *09 

Ash, .... 

3*20 

6 *<>2 

5*20 

Nitrogen, 

2-93 

1*71 

2*22 


The Ijygroseopic moisture ranges in different samples from 10 to KJ 
per cent. (Jne of the anthors analyscnl several samples of genuine cayenne, 
and the mean of these analyses was us follows :~ 

l*«r cent. 

Aqueous extract of <lnccl cayHiiio, . . » 32*1 

Alcoholic exi.raot, 25‘79 

Ueiizole extract, 2(>'00 

EUiereal extract, 10*43 

Ash, r>*t>y3 (aoluMe, 3*32) 

Total nitrogen in 100 gnus., , . . 2*04 

The ash, as a rule, will he found to be less than C per cent, and should 
not be more than 8 per cent. The ether extract should exceed 10 per 
cent., and the alcohol extract 25 per cent. 

352. 27tfi AdulUratioiis of Cayonm usually enumerated are*, all kinds 
of red mineral powders, from brick-dust to cinnabar, and a few starches. 
An artificial red containing barium is sometimes added, and lead has been 
found. It has been stated that if lead or barium salts are present in a 
soil they may be contained in the cayenne pepper grown upon it, George 
Gregory ^ has, however, proved that there is no truth in this statement. 
Tliere does not appear, however, to have been any conviction recently for 
the adulteration of cayenne, and the numerous sam})les the senior writer 
has examined were all geiiuiuo. Most of these additions would be easily 
detected in the ash, or by the microscope. Cinnabar is highly improbable ; 
for its detection, see Mercury,” in Poismis^ by A. Wyiiter Rlyth. 


Spices. 

§ 353. The most commonly used spices are ginger, allspice, nutmeg, 
mace, cloves, and cinnamon. Tliose spices which are sold in a powder^ 
form are especially liable to adulteration, various starches, stems, barks, 
sawdust, ground olive-stones, walnut shells, etc., all having been used 
from time to time. Microscopical examination* will, as a. rule, show the 
presence of any coarse adulterant, hut chemical examination will also 
assist iu the detection of adulteration, and in the estimation of the 

' Zeit, Nahr. Qenussm.t 1900, iii., 450 471. i 

* It cannot bo too strongly imprest niK>n the analyst that however useful diagrams 
and descriptions of niioiuswpieal prenarations may bo, in teaching him what to looki 
for, the only iwssiblo way to learn the micmaoopical structures of tissues, etc., is tej 
prepare and examine specimens for himselt. I 
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ivhiUorjxnt. The most important determinations to make in the majority 
of cases are ash, iibre, starch, volatile oil, fixed ether extract, and total 
nitrogen ; certain otliev determinations will be found useful in the case 
of individual spices. Tlie fareful determinations of Messrs. A. L. Winton, 
A. W. Ogbon, and W. 1.. Mitchell at the Connecticut rkperimental 
Station, given in 'I’ablc LIX., will be found of great assistance to the 
analyst. 

§ 351. (liwjrr is the dried rhi/orne of Zinyiher offirinale. Tt is sold 
both with and without the outer integument and also in the form of 
powder. The characteristics of ginger starch have been described on 
page 142. 

As well as admixturti with such substances as have been mentioned 
above, ginger is very often mixed with exhausted ginger ; this is usually 
indicated by a low cold water extnict, and low soluble ash (see Table LIX.). 

§ 355. All'ifdrf' or Pimndo is tjic dried unripe fruit of Kimenia pimmta. 
For analytical figures sei? Table LIX. 

§ 356. Nutmeg and Mace. — Nutmeg is the dried S(!ed of Mgriatica 
fragranx stripjK'd of its hard shell. This hard shell or arillns constitutes 
the mare of commerce. Nutmeg contains from 3 to 5 per cent, of a 
volatile oil having a s])ecific gravity w'hich varies from *880 to -05. 
Tt boils at ICO" (1., is soluble in alcohol, and turns a ray of polarised 
light to the right. 

Artificial whole nutmegs are sometimes made from exhausted or 
damaged nutmeg powder. These are mixed with genuine nutmegs. 
A( 5 ct)rding to J. Vanderplauten ^ they may be detect(?d by cutting the nut 
in half, when all vegetable structure will bo noticed to be absent. Treated 
with boiling water for a few minutes and pressed, they fall to j)owder. 
The ash is ox(}eedingly high, i.c., from 11 to 18 per cent. F. Rauwez 
gives the following analysis of some artificial nuts, which may be compared 
with the analyses of nutmegs in Tabic LIX, 


Moisture, 

Per cent. 

11-00 

Ash, .... 

n -34 

Asli insoluble in 11(3, . 

8-90 

Ether extraet, 

. . . . 16-42 

EHseiitial oil, 

1-76 

Ccllulos(« (? crude fibre), 

8-24 


g 357. Mace , — In addition to the ordinary adulterants, mace is often 
mixed with Bombay mace, a variety which contains only a small proportion 
of volatile oil, /.c., about 3 per cent. The fixed ether extt'act is, however, 
higher than in the case of true mace (see Table LIX.). The volatile oil in 
true mace should, according to Konig, be at least 3 per cent. Wild mace 
{Myndica faUia) is sometimes mixed with or substituted for tnie mace; 
it may bo recognised by means of the microscope and also by Hefelman’s 
tost, which is as follows; — A piece of filter paper is satunited with an 
alcoholic solution of the mace ; the excess of liquid is removed by pressing 
between more filter paper. It is then treated with a drop of potash 
solution. A red coloration is produced in the presence of wild mace. 
Cinnamon ami CoMia (see Table LIX.). — True cinnamon or Ceylon 
cinnamon is the bark of Ghinammnum Zf^lanicum^ but the commercial 
substance is more often derived from ca^ia barks which are sold as true 

> British Food Journal f March 1900. 
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cinnamon. They arc said to couUiin more manganese oxide than 
cinnamon. 

§ 308, ChroH are the dried imcxpanded llowor buds of Oarf/ophi/fhis 
aromafirua. 'J'hey contain about 16 per cent, of a volatile oil. 'J’his 
oil has a sp. gr. of from 1-034 to l-OOl ; it is colourless when freshly 
distilled and becomes reddish brown with keeping. It is soluble in 
alcohol, in ether, and in acetic acid. In addition to the ordinary spice 
adulterants, cloves are often nuxed with .^tems and ch>ve fruit. Clove stems 
will be readily detected by the microsco[>e. 


Tiifi Sweet and JIit'ikr Af^MONo. 

.30!) Tin' swt'ct almond, the seed of and the 

hitter almond, the seed of Amujdalm cmnimmix^ rar. tmara, enter either 
in wliole or in })art into so many articles of food (such as sweetmeats arnl 
pasti-y, and as a flavouring ingredient into certain drinks), that it. 
absolutely necessary to be acquainted with their chemical composition. 
Jndh varieties of almond agree in containing about 50 ])er cent, of a 
bland lixed oil (ooiKsisting chielly of olein, and liable to become rancid), 
as well as an al])nminous principle, eimilsin, sugar, gum, and woody libi'c ; 
but only in the bitter almond is found, in addition to the foregoing, 
arn^ffdalm, 

300. 'fhr. Oil of Ahuonth is a tbin fluid oil, of a clear yellow colour, 
s]>eei}lc gravity 0*911 to *920, not coagulated by a cold of -10“ C.; at 
- 10“ it becomes cloudy, and at - 22“ C. it soli<lifles to a white butter. 
Oil of almonds a,»pears to he rather frequently ndultoratcd with otlier oils. 

2“5 parts of the oil, .shaken with an eqiial bulk of nitric atjid (8|)ecific 
gravjty 1-20) and bi.sn]j)hide of carbon, should not show any, colour after 
stjiuding a few minutes; if it becomes within half an hour yellow, or 
reddish-yellow, the change indicates oil from rJwrry or apricot Iccrnels. 

3’hc, following test will detect drying oils: — Dissolve one part of starch 
ill t3 part« of warm nitric acid, of 1*20 spocilic gravity, and warm in a 
capacious vessel over the water-lnith with 10 parts of almond oil, until all 
evolution of gas ceases. The oil after cooling is within two days changed 
into a w*arty, crystalline, greasy mas.s of elaidin. Should it, however, 
contain n drying oil (poppy, for e\aijtr-le), it cither remains quite fluid or 
BCini-fluid, accoirliijg to the proportiv.n (»f adulterant present. The colour 
of the elaidin is also a guide; that produced by the sweet almond is pure 
white, by <]'e hitter, yellowish -white, and by the small or inferior kinds of 
almonds, brow nish-yellow ; if the elaidin should be red, it denotes adultera- 
tion of some foreign oil, especially of msQ"' ■ 

Pure almond oil dissolves in 25 part'-- uf cold and 0 of hot alcohol, 
llie above tests, and in addition the low temperature required for 
congelation, should detect all ordinary adult oraticjiis. 

^ 361. Aoiijgdalin (C2oHjj^NOji-p3II./)), is a glucosido, discovered in 
1830 by Kobiqiiet and Poutron-Charlard. It may be extracted from 
almond-cake by boiling alcohol of 95 per cent., and then ]n*ec'pitated from 
the somewhat ccmccntrated alcoholic solution by ether. Amygdalin^ 

* Lehmann, in an elaborate re eaivh, found the method of Liebig and Wohler the 
best for obtaining ci'fffiOdhne amygdulin. The process consists in Ixaling the substance 
with strong alcohol (of 9-1 to 9.'* i)er cent.) twice successively, after having tii-st removed 
the tixed oil by peti-oleum beiuiite, concentrating to about one-half or one-sixth of its 
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cryKlalHsoH from 80 pur cent, alcohol in colourless glittering scales, contain- 
ing two moli'cnles of water : it can also be obtained in crystals. Ainurplious 
amygdiiliii of the before-mentioned clierry-laiircl leaves and buckthorn 
bark i.s best obtjiinefl by the following method : — Tlie dried buckthorn bark 
is boiled with absolute alcohol, agitated with lead oxide, and evaporated to 
dryness. J)ricd in a vacuum over 80^1 Ig it forms a brittle, yellow, 
transp.-irent, resin-like mass, which, when lieated to 100*’ C., becomes dark- 
hrown ; it can Imj dissolved by boiling alcohol and by water, but is insoluble 
in ether. Altliough amorphous, it is a crystalloid with three molecules of 
w'ater, as ])roved by dialysis from water or weak spirit, but in sucli a case 
it loses one niolecaile if dried over sulphuric acid. At 100' to 120*’ C. it 
niny he obtained anhydrous. 

Ainyg<laliu possesses no smell ; it has a slightly hitter taste ; its reaction 
is neutral, and it polarises to the left (rt]„= -35*57“. It dissolves in all 
j)roj»)rtions ill boiling water, and in 1*2 parts of cold^at 10“ C, ; rcipiires 148 
jiai'ts of alcohol, specilic gravity 0*039, liOl parts of alcohol, sjiecific gravity 
0*8 10. if cold- Imf if boiling, 11 parts of tlic first and 12 of the last; it is 
insohihle in ether. It melts at 1.20“ C., and begins to carbonise at ICO" C 
when it devi'lops a caramel smell, and is at length fully destroyed. 

Aiiiygdaliii, by the action of dilute hydrochloric acid, splits up into 
glucttse and mandolic acid, volatile oil of almonds, and formic acid. If 
boiled with solutions of ]M)Uish or baryta it forms ammonia and amygdalic 
acid. The most inl(‘rcstiug decomposition is, however, that which t.As.es 
place by the ae.tiun of emulsiiij it then breaks up into volatile oil of 
almonds, hydrocyanic acid, and formic acid. 

O/V, or Esmica of Almimh^ does not exist as such in the 
hitter almond ; it is, as above exjdained, the result of the decomposition of 
the ainygdalin. The oil of almonds, wlien properly purilicd from prussic 
acid, is identical witli the hydride of benzole, Ci^Hr,()H. It is colourless, 
thin, turning a ray (»f })olarised light to the right, of a peculiar, pleasant 
odour, and a burning aromatic taste. Its specific gravity is 1*043 to 1*07, 
usually l*0n {I/irseh). Its boiling point is 180" C. By the action of light 
and air it is gradually oxidised into benzoic acid. It is soluble in equal 
parts of alcohol, 0*830 specific gravity, and in about 30 parts of water. 
Tlie ethereal or volatile oil is officinal in the French, Swiss, and Norwegian 
plianMa(;op(i‘ia8. 'J’he ethereal oil is much adulterated. The analyst will 
sjiceially look for alcohol, prussic acid, nitro-benzine, and ethereal oils. 

If alcohol -fret), the addition of an equal weight of fuming nitric acid 
produces no ctlei*ve.scence, and after two or three days the mass becomes 
('iiK'rald green, and crystals of benzoic acid appear. On the other hand, if 
it contain alcohol from 0*08 per cent, upwards, there is immediately a 
strong cfiervcscencc. Some of the tests given for alcoliol at p. 382 et mj. 
will he of service. 

vohiino ; and tlion adding ether, wliicli preeijatates the amygdalinf and removes any of 
the remaining fixed oil. Ijehmann obtained from 

Bitter (ihnonda, 

Cheiry-kernols, 

Plum kernelM, 

Aj)])le-sei«lH, . 
l*eiu'h-keriii'ls, . . 

Cliei iy-kuitd leav<*s, 

Bark of lUutunnuffraiujula^ 

Cheriy laurel leaves and lUiamnus l>aik contain hydrocyanic acid ready fonnod. 


2*.'> i)ei’ cent, or\'stalli.sed amygdalin. 
0*82 ,, 

o-oo „ 

0-60 „ 

2*35 

1 *88 per cent, amorphous amyj^alin. 
0*7 ,, ,, ,, 
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The detection and CHtiniation of pm^sic acid in the essence is carrie 
)iit on the principles deUiilod in the article on l*ninsic Acid in Poisons, b 
i. Wynter Blyth. 

NUrcheimm is indicated wlieji the essence is not entirely soluble in 
lolution of bisulphide of {K>ta«h, and the specific j^ravity is higlier thai 
[•07, the specific gravity of nitrobenzinc being 1-20 to 1*29; the boilin^ 
)oint will also be raised. In such a case nitrobenzinc should be specially 
ested for, by changing it into aniline by reducing agents. For thi* 
mrposo 10 parts of dilute sulphuric acid (spc(;ilic gravity 1*117) may bi 
dded to 10 of granulated zinc and 1 j)art of essence. At the end of tw( 
lours (after frequent agitation) the fluid is' passed through a moistenoc 
Iter, and a crystal of chlorate of potash added to the filtnite wdth a droj 
f concentrat('d sulphuric acid. If a violet or red colour is produced, it it 
uo to the presence of an aniline salt, produced from nitrobenzine ; but iJ 
here is no coloration, nitrobouziiic must have been absent. 

^lo estiniate the amount of nitrobeuzine in an adulterated sample 5 c.c, 
f the essence are shaken up in a separating tube with 36 c.c. of n 
concentrated solution of sodic bisulphite at 25“ and made uj) to 60 c.c. b) 
addition of w'ater. The nitrobeiizino is now taken up with ether, the 
ether separated and dried by fused calcic chloride and allowed to evaporate 
spontaneously, and the nitrobeiizino weighed. 

Another special method used for the detection of nitrobeuzine wat 
proposed by Maiscb : — 1 grm. of the essciicc is dissolved in twelve times its 
volume of alcolu)!, *76 of caustic melted potash is added, and the whole 
hraU’d until the liquid is diminished to about one-third. The pure essence, 
on cooling, is of a light brown colour, and dissolves entirely in water; but 
if iiitrobenzine is present, the residue is brown, crystalline, and insoluble in 
water. 

The action of sodium on the essence may also be utilise/1 as a test:— 
I’uie almond essence, when treated with sodium, gives wliite flocks; il 
nitrobeuzine should be jjresent, the sodium is immediately covered with 
yellow or brown flakes, according to the amount of adulteration; if the 
percentage rises as higli as 0*30 to 0*50, the whole liquid after a minute 
becomes thick and oj)aquc-. (Dragendnrff.) 

However,' tlie action of potash alone on a sample adulterated with 
niti oboiiziiio is tolerably conclusive. If one grin, of the essence is treated 
in a test-tube with half its weiglu of pure caustic potash, a yellow colora- 
tion is p'.oduced, should the es.seru;»i be pure; but if nitrobeuzine bo present, 
the tint soon becomes yellowisb-red, and at the end of a minute green. On 
the ad(li^iou of a little water, the uiixturo separates into two layers, ol 
which the lower is yellow and the upper green, the latter changing in the 
course of a day into red. Most foreign ethereal oils may be detected by 
the bisulphite of soda test : — If a little o: the pure essence be dropped intc 
a warm solution of this salt, of from 1*24 to 1*26 specific gravity, shaken, 
and then diluted with hot water, it is fully dissolved ; other essences, on 
the contrary, are insoluble. 


. Aknai’to. 

§ 3G2. Annatto is a colouring-matter obtained from the seeds of the 
Bixa orellamf chiefly prepiircd in Brazil and Cayenne. Although uot 
used itself as a food, it enters into several articles of consumption, and 
has been employed to colour milk, butter, and cheese. 
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Miamropical Ghuracferx . — ^When annatto is examined by the micro- 
SCO pe, the outer rod portion presents an almost homogeneous appearance, « 
an d the surface of the seed proper consists of narrow or elongated cells or 
fibres vertically disposed, wliile the inner white portion consists of colls 
filled with starch corpuscles, well defined, of medium size, and resembling 
in the elongated and stellate hilum the starch granules of the pea and 
bean. 

Jn commercial unadulterated annatto, but little structure is met with. 
Portions of the outer cells may be seen ; and in those specimens, which 
in the course of their preparation have not been subjected to the action 
of boiling water, a few starch granules may be noticed. 

Since this is the case with annatto itself, vfe can the more easily detect 
the presence of most foreign vegetable substances, such as turmeric powder, 
the starch of wheat, rye, barley and sago flours. The salt and alkali 
present in the anii.atto generally greatly alter the appearance of the 
turmeric. Most of the colouring-matter of the cells is discharged, so that 
the starch corpuscles contained within them become visible. Loose starch 
granules of turmfiric may also be frctpiently seen, and in consecpicnce of 
the action of the alkali much enlarged. 

§ 363. Ckmiral Compodtion of Annatto. — Pr. John found the pulp 
surnnindiug the fresh seed to consist of 28 parts of colouring resinous 
matter, 26*6 of vegetable gluten, 20 of ligneous fibre, 20 of colouring 
extractive matb'.r, A formed of matters analogous to vegetable extractWe, 
and a trace of spicy and acid matters. The colouring-matter consists of 
a red substance—^u'W?/-, associated with a yellow, oreMin; the letter lias 
been as yet but little studied. 

Jiijcin, when pure, is an amorphous, resinous, cinnabar-red 

substance. It is scarcely soluble in water and bisulphide of carbon, 
soluble in about 80 parts of cold, and in 25 of hot, alcohol ; in 345 parts 
of ether, in 93 of chloroform, and also in the civustic and carbonated 
alkalies. The alcoholic solution is coloured orange-rod by lead acetate, 
brownish-yellow by chloride of mercury and acetate of copper, brown-red 
by chloride of iron, and it is precipifcited yellow by stannous or stannic 
chloride ; concentrated sulphuric acid produces a deep blue. A solution 
of bixin in an alkaline liq\ud, on neutralisation with an acid, gives a 
precipitate of the resin, and in this way it may be purified. 

§ 3G4. Afhdterationff. — Annatto is one of the most adultemtod sub- 
stances met with in commerce, the adulterants being both organic and 
inorganic. The organic substances used are — turmeric, rye, barley, and 
w’hcat flours, as well as aniline dyes. These latter should always l)e 
looked for in the solution of annatto in oil or alkalies so extensively used 
for colouring daily products. The inorganic— sulphate of lime, carbonate 
of lime, salt, alkali, an oily substance (probably soa])), red ferruginous 
earths (mostly Venetian red), red lead, and- copper. 

When largo quantities of flour and lime are used, the colour of the 
annatto is so reduced that it becomes necessary to use salt, alkalies, and 
the red earths, to restore it to its original standard. Salt heightens the 
intensity of vegetable reds, hence its use. Lead is probably introduced 
into the annatto through the Venetian red used. Copper is added to 
prevent the annatto becoming attacked by fimgi. 

The following is an analysis by one of the writers of a fair commercial 
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No. 1 . 'riio sample wfia in tlio form of a jxvste, colour deep red, odour 
4 peculiar, but not disagreeable : — 

Water, 24 *2 

lleHin, 28 ’8 

Ash, 22 6 

Stiircli iiiid exlractivc iiiallor 24 ‘5 

100-0 


The following is an analysis of an adulteratAHl sfimplo. It was in the 

form of a hard brown cake, texture hard and leathciy, otlour disagroo- 
able:- 

Wiiier, 13 ‘4 

Itesin 11*0 

Ash - ooiisistiiig <»f iron, silica, chalk, aluiuina, and salt, 48*3 
Kx tractive iiialUir, 27 '3 


100-0 

§ 305. The Amlndu of Annaifo, as may bo gathered from the preceding 
description, principally resolves itself into a determination of tlio ash and 
an estimation of tlio rosin. 'Fhe former is determiiiod in the usual way, 
tlie latter by exhausting the sample by boiling alcohol, getting rid of the 
spirit by evaporation, and then rodissolviiig the extract thus obtained in 
an alkaline solution, and finally precipitating the nearly pure rosin l)y 
cari|ful neutralisation with an aoid. 

• Oniva Oil. 

‘U)o. Olive oil is derived from the fruits of the olive tree, Oltn 
gatim^ of whicli there are many varieties; in Italy alone, throe 

hundred. 

The constants of olive oil, as compared with others, ari* set forth in 
the following table : — 


TAhLK LX.— CUEMICAL AND PHYSICAL CONSTANTS OP OlIVE OlL AND SOME OlLS 
USED FOR Tins ADUL’I’KUATION OF OlIVIS OlL. 



Specific Oruvity, 
Water =.1. 

Solidifying Point. 

il 

.2o 

Iodine 

Maumend 

I’hormal 


At 15* C. 

At lOO’ C. 

Fat. 

Fatty 

Acids. 

Tc 

sSS 

P 


Tost. 

Olive oil, . 

•fil4 to -917 

-862 

..vr.. 

21' to22*C. 

94 to 96 

186 to 196 

79 to 88 
generally 
81 to 86 

34*to86*C,, 
mean valve 
36". 

Cotton seed oil. 

■»22 to -330 

■867 to -8(58 

O' to- i' 

..1 

960 

191 to 196 

100 to 117 

75" to 90* 

Araohlsoil, . 

•9U) to -1)22 

•804 to mi 

- 8"l.o- V 

24 to 30" 

96-0 

190 to 196 

87 U) 100 

44" to 67* 

dtape dl, . 

•914 to -917 

•856 to -m 

- 2*to-l()' 

17" to 18" 

95-0 

175 to 179 

97 to 102 

49 • to 61* 

esaiil^ oil, 

-9-22 to 924 

■m to -871 

- 4''t«i- «'■ 

18" to 22* 

96-0 

188 to 191 

103 Uj 112 

63“ to 68 

Iai7.c oil, 

•9'21 to -922 

•868 to -860 

-10' to- 16 

14" to 16* 

96-0 

189 to 190 

111 to 119 

79* to 86* . 
cocoa-nut 
olein. 

ocoanut oil, 

•923 

•878 

16* to 20' 

16" to 20* 

88’0 

246 to 268 

8to9 

26' to 27* 
(Allen). 
86*10 88" 

opp.v oil, 

•923 to -924 

■873 

-18* 

15" to 16* 

95‘4 

190 to l95 

183 to 138 

Listor oil, 

•9(500 to -OT®* 


-lO'tu-lo' 



lT(.tol82 

88-4 to 86 

40’ to 47‘ 

ureas oil, 

•911 to 920 

i 

-8* 


87-9 

210 to 230 

100 to 127 



M J?.— None of the above (save (imjoa-nut oU) give more than Biiflicient volatile add to neutralise 1 c.c. ot 
ill. 80 da when submitted to the Reichert- Wollny test. Cocoa-nut oil, however, gives a definite Reichert- 
yiny value ol about 7 c.c,, aud castor oil about 8 c.c. of d. n. soda \ivt 5 grammes 01 fat. 
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The composition varies within certain limits according to the species 
ami locality, and as to whether the oil has been expressed or extracted by 
solvents. The hnest edible oils arc known under the names of ‘ Virgin oil,* 
‘ Provence oil,’ ‘ Aix oil ’ ; and a second (juality is sold under the name of 
‘finest Tuscan cream.’ 

Olive oil contains about 28 per cent, of solid glycerides consisting of 
palinitin, stearin, and a small quantity of amchin. The liquid portion of 
the oil contains oloin, linolcic acid, and imsaponifiablo matter (cholesterol) 
ill the following proportions : — Olein, 66 per cent . ; linoleic acid, 5 per 
cent . ; unsaponi liable matter, 1 jier cent. 

Free fatty acid is always present in quantities varying from 1 per cent 
to 2r> per cent. 

Most specimens of olive oil Avhen examined by the spectroscope show 
ji chloroi»hyll s[)ectriim. 


TAbLE^ LXI.— -Mixed Faity Acids. 



Melting Point. 

Saponlficatiori 

Value, 

MgfiiUt. KUO. 

Iodine Number. 

Olive oil, . 

Sesani^' oil, 

Rape oil, . 

Cotton oil, 

Avacliis oil, 

I’ojipy oil, 

24“ to 27“ 

24“ to 26“ 

16“ to 19“ 

80“ to 86 “ 

28“ to 31“ 

20 “ to 21 “ 

192 

199 

170 1.0 !r7 
204 to 208 
1997 

199 

80 to 90 

109 1.0 112 

99 ’8 to 10e3 
llltolJS 
96f)tol03 

96 to 108 


§ 367. Adulierationm of Of ire OH . — Olive oil commands a good price, and 
is therefore extensively adulterated with other oils, oBjiecially with cotton 
and arachis oils, but sesam^ rape, poppy-seed, lard, curcas and castor oils 
have been used. Green oils should always be examined for cojiper. 

Iftfradum of Olive. OIL — .Jean’s refractonieter may bo applied for the 
detection of certain adulterants. Oliveri gives the following values; — 


Deviation. 


Olive oil, 0“ to ‘ 2 “ 

So 8 ani 6 oil, . , . ... 16"’.^) 

Anwhisoil, 7 " '6 

Cotton-seed oil, 18“ 

Colza oil, 26“ '6 

Poppy-seed oil, 28“'5 

Castor oil, 41“- 44“ 


Zeiss’ refj-actometor may be used with advantage for the detection of 
cotton-seed oil. The table (LXIl., p. fill) gives the normal readings of 
olive and cotton-seed oils at various temperatures. 

th IF. Long^ has examined a number of oils and determined the specific 
gravity at 24“ C. as compared with water at 4“ C., the oils being weighec’ 
in a vacuum. He has also determined the refraction at 20“ C., using thi 
sodium light ; the following are his chief results : — 


Olive oil, .... 

Specific 

Uravity. 

0-9180 

Refractive 

Index. 

1-4608 

Cottou-secd oil. 

0-9191 

1-4732 

Sesame oil, .... 

0-9191 

1-4740 

Mustai’d oil 

0-9121 

1-4742 

Castor oil, .... 

0-9589 

1-4791 

Lard oil, .... 

0-9122 

1-4686 

Peanut oil, .... 

0-9173 

1-4717 

1 iltimr. fhpm. .Imim 







OLIVE OIL. 


f 367.J 




The variations eaiiscd by teniporature he found to bo 0‘00068 specific 
gravity, and 0“'0004 refraction, for each rise of 1 degree 0. in temperature. 


TAIiLK LXII.— llKAniNws on Zkiss Rkkuaotomktku ok Olive 
AND Cotton-seed Oils. 


I’l'iupornUire 
(< 'eiilisrjiiU'). 

HO.ALK UKADlNd— 

TeniiHJi-attm' 

(Contiin-ade). 

SCAI.K JUAI»IN(i— 

Olive Oil. 

Ootton-Bced 

Oil. 

Olive Oil. 

(.'otton-BCud 

on. 

3 . 5 ‘0 

57*0 

61*8 

2 . 5*5 

62*4 

67*5 

34-5 

57-2 

62-1 

2 . 5*0 

63*0 

67*0 

31 -0 

. 57*4 

02-3 

21*5 

63*3 

68*2 

33 - r . 

. 57*7 

62*5 

21*0 

63*6 

68*5 

33 0 

. 58 ‘0 

62*8 

23*5 

63*0 

68*8 

32*5 

. 58-3 

63*0 

23*0 

61*2 

60*1 

32-0 

. 58 -.5 

63*2 

22*5 

6 i *5 

60*4 

3 r 5 

. 50-0 

03-6 

22*0 

61*8 

69*7 

31-0 

.59*2 

64-0 

21 *5 

(15*1 

70*0 

30-,5 

.5ir4 

64*2 

21*0 

65*1 

70-3 

30-0 

. 50 '0 

64-5 

20*5 

65*7 

70*6 

20-5 

60-1 

6 1-9 

20*0 

66*0 

70*0 

20 '0 

60*3 

6 . 5*1 

10*5 

66*3 

71*2 

28 ’ f ) 

60*0 

6 . 5*3 

19*0 

()(>*() 

71*5 

• 28 ’0 

00*9 

6 . 5*7 

18*5 

66*9 

71*8 

27 T . 

61*1 

66*0 

18*0 

67*2 

72*1 

27*0 

61 ’.5 

66*5 

17*5 

67*5 

72*4 

26*15 

62-0 • 

67*0 

17*0 

67*8 

72*7 

26*0 

62*2 

67*3 ! 

16*5 

68*1 

73*0 


'I he following are the chief special tests for foreign oils:- - 

Sr.<ainci Oil.-- "20 c.c. of the oil are mixed in a test-tube wUh 10 c.c. of 
hydrochloric acid ('^pocific gravity 1*19), which contains in solution 0*1 grrn. 
of sugar; on shaking and allowing to stand a minute, should sesame oil be 
present, thcjre will he a more or less crimson colour developed. 

The red colour in some olive oils adulteiutcd with sesame appcjirs in 
the oil rather than in the acpieous layer. 

According to V. Villavecchia and G. Fabris’ sesame oil maybe thus 
detected ; 0 1 c.c. of a 2 per cent, solution of furfurol is placed in a test- 
tube and 10 c.c. of the oil to be Ifslid added, followed by 10 c.c. of HCl, 
specific gravity 1*19. The tube is shaken for half a minute; a red colour 
denotes se^.une oil. 

Sesame, if present, will also alter the ‘ constants ^ (sec Table LX., p. 
909), its pre.scnce tending to raise the spet ific gravity, the io(iino number, 
and the thermal valu6; but a small pi- ' iitage of sesame will only affect 
these slightly. 

Arachis G/L— Arachis oil is so similar to olive oil in its geiiornl reactions 
tliat the only way in which it can be demonstiated with certainty is the 
isolation and estimation of arachidic acid. It is true that olive oil also 
contains arachidic acid, but in so small a quantity as not to lie estimable 
from such quantifies as 10 grms. of oil ; whereas it is in about the projxirtion 
of 5 per cent, in araebis oil. To isolate aracliidic acid the method of 
llenard is in use. 10 grms. of the oil are saponified, the soap dec*omposed 
by hydrochloric acid, tlie fatty acids dissolved in 90 per cent, alcohol, and 
^ Z^iUf. angewajuiU Chem.t 1893, 505, 500. 
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prt'cijiitaitHl liy Icafl juTtalc. (U'wkowitsch shortens the ])rocess l)y 
Uk- snap Ijy .uMitio aehl, and tln'ii preei[)it,atinj' direct with 
lead aeeliite.) The load salts are extracted with ether, which does not 
dissolve lead pahnitMto and lead araehidate. These latter are wanned with 
hy<lri)ehloric acid, the fahy acids allowed to solidify, and separated from 
lead chlm-ide. 'I'he solid fatty aci<ls are dissolved in f)0 c.e. of hot t)0 per 
cent. ale.(»hol. If anu-hidie aeid be present, crystals of the acid an* ff)rraed 
on eoorm^ ; tliey hav<j a «le!inito f<n*in, and meltiTi^''j)oint (^f 71' to 72* C. , 
the\ may also he identiiied hy dissolvinj; known arachidie aeid in a similar 
<iuannl y in hot alcohol, and comj)arin<r wdth them the melting point and 
mieroseopieal charaeterc of the <*rystals e.xtmcted from the oil. ^J'he 
crystals slarnld he weie^hed, and the weifjfht. eorreetod by addin*; a number 
re]iri'S('nl in;; tlie .ariiehidie aeid still held m solution. 100 c.e. of ‘JO per 
cent, aleoliol dissolve 22 unarms, at lo* C. and lo m'jnus. at 20' (J. The 
ipiantilN of araehi.s oil present is foon'l approximately by mnltiplyiiijL; the 
Wi-i^dit of theiTvstals by 20, ealenhitim; liiat araelos oil eonlaius alioiil 5 
pi'i* cent,. 

!)(' .Ne^'ri an*] hahris ha\e examined ditlereiil mi.vturi's of (Jive ainl 
araehis oils, an<l hiNo o]){an>ed the follow inu‘ results Hla' araehi‘> *)!! used 
contaium*; appaiently 1 7S pei iaait. of ar.ielu<lie aeid); — 


T.VltbK hXIII. 




StUiiplf (’oul.iiiunn 

.\rai’hiiiu« Ai'lil fouiiil. 
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Ar.ifliis oil. 

Oliv oil. 

.Arucho Oil, 

(.'r.Vhlatp 
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(Jrni. 

({nil. • 

Onn ’ 

I'DI- I'Ollt. 

‘III 

1 107 

o-ini.'i i 

o*l>.r» 

20 -OS 

hU 

lio ; 

0 (HiO.-. 

0'u;5i:i ; 

0 

•JO *24 

S.'i 


uu:is,» i 

1 O‘o«"nri 


] \ ■Oil 

'.‘0 

i.J.J 

O'Ogou 

1 U'UI’O.i 

0'(’M5 : 

10 ‘30 


In two other experiments with 10 jar cent, aratdns oil and 90 per cent, 
olive oil i»nly unwei^hable crystals were obtained, aii'l in a third a (juautity 
eijiial to Oot per cent, araehis oil; hence, when operating on 10 grins, 
the limit of (letection appears to he 10 j>or cent. Should, therefore, 
tpialitalive evidenei' be obtained of small quantities of araobidic aeid, from 
2o to r>t> grins, (d the od must be sapouitied to get quautiuuive results. 

} Oil. - I'his is delected b\ tho -illoration it prodiucs in the 
speeitie gra\n_\, iu ihe refraetometer reeding by the higher iodine number, 
by the liiglier nn lling- point oi il»e fatty .leids, liy iJeechi's nitrate of silver 
test, and hy llulphen’s test, 

l‘’or Ikvhi's test two s(Jutions are i\sjuired— viz., an alcoholic solution 
of silver intraie, AgNO;, 1 grm, : alcohol (9S ])er cent, by volume), 200*0 
e.c, ; ether, 40 c.e.; nitfe aii'l, 01 grm., and a solution of colza oil, 15 
jMvrts, in 100 parts of amyuc alcohol. The colzji oil should l»e 'cijld drawn,’ 
.md only slightly coloured. To apply the tost, 10 c.c. of the oil to he 
exiimiued arc mixed with 1 e.c. of the .silver nitrate solution, and then 
from S to 10 i\c. of amylic alcohol solution of colza oil arc added; the 
mi.vture is shaken up, and heated in a water-liath for five or ten minutes. 
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If cottonseed oil is present, there is produced a brownish colour or turbid it 
of varying grade from light maroon to black. A small quantity of cotton 
seed may give no reaction. 

ILtfphm\*t 7 'pM . — (.'arhon hisulphido contiiining about 1 per cent, o 
sulphur in solution is mixed wilh an eqtial volume of nm\lic alcohol 
3 c.c. of 'ho sample and 3 c.o. of the reagent arc inixial in a Icst tuhe lun 
lieatcd for fifteen minutes in a bath of boiling brim;. If no reaction take 
place add another 1 c c. of the reagent and heat for ton mijiutes ; if ther 
is no reaction add another 1 c.c. and heat again. A red or orang 
colorati<iii indicates cotton-seed oil. 

Thu unsaponifiahle matter in olive oil is eledesterol ; in other oils, snel 
as cotbui-sec<l oil, phytosterol ; Imnce Salkowskis pnwess, already desen I )e( 
in the article Ijird^ is apjdicable to the detection of foreign «)ilt: 
especially cotton seed oil in olive oil. 

Hit} tp Oil . — This may be detect'd by the character of th(‘ ‘coiistanis 
especially by the mclthig and .solidifying points of tlic 1‘atty acids, th 
lower saponilication and the higher iodine numbers. 

oil is ehielly indicated by the higher specific gravity lun 
the high italino number. 

0// is soliilile in every proixirtion in glacial acetic acid and ii 
al'Solute alcohol, f Hive oil is only slightlv soluble in absolute alcohol, 3* 
in 100. 

Cuiras Oil will be indicated by a high iodine value and a high saponi 
fieation value. It differs from castor oil in being insoluhb' in acetic aciil 
Treated w'ith nitric a<;id and copper, an intense n'ddish brown colour i 
produced. 

J.ord Oil may be det-ected by the (xlour of lard on warming and by tb 
high UK ] ting-point of the fatty lujids. 

li may lie finally stated that experience has shown th4> nave a fm 
S))ccial tests (such as Bccchi’s for cotton oil and the colour test for sesamf*] 
i chance mu.st be mainly placed on a careful determination of the specifi 
gravity, of the melting and solidifying jioinls of the fatty acids, th 
refraction, the iodine number, and the tMiponificuUon values fur tlie detcetioi 
of adulterations of olive oil. 




PART IX. 

EXAMINATION AND ANALYSIS OF 
WATER. 




PART lX.-EXAMINATION AND ANALYSIS OF WATER. 


^ Ordin.'OT (lrii»kin‘( water is water containing dissolved gases, 
mineral halts and organic matter in solution or suspi-nsion, and usually 
various living orgauisnis. 'I'lie resoiireljos of the analysts in the exiunina- 
tion of water have f(»r their object the uiueiling and dettuanining tin* 
naturi', and when possible, the origin of tiiese. sul)stances. Tlie nature of 
the foreign matter contained in water depemls upon tlie purity of tlie air 
tlirough which the water lias falloi as rain, and ni)on tlu' nature of the 
various soils or surfaces with whicn the water has eoine iji etnibict. On 
this account it is important that the analyst should obtain, as far as 
pohhihle, a full history of the sample to he examined, i.c. whether it is 
surface water, shallow well water, or deep well wat(‘r, and the nature of 
t!ie%)il from which the supply is ol»taiue(l. Tins latter information is of 
especial importance in enabling the analyst to draw inferences from the 
nature Jind (piantity of the mineral niattor pr<‘sent; thus, water which has 
simply tlnwed over MetnworiMr or hjuoouA us for instance the water 
of boc't Katrine, differs ]»ut little from rain water. Th(( total solids are 
very and they contain little or no organic matter» Wate* from the 
r/wj//., if laken from deep wells, contains, us a nile, very little organic 
matter, bnt is specially characterised by its great teinjiorary hardness, due 
to calcimn earbouat^f held in solntion by carbonic acid. 

Watar from Maijw'itiaii Limedotip is as organically pure as that from 
chalk, but is not so suitable as a drinking water or for domestic and manu- 
facturing purposes, ou account of its bigli total hardness and the large 
amount of magnesium suiphutc it eonbiius rendering it jierniane.ntly hard. 

Water from OoUiir LimedouH differ^ but little from water from clialk, 
except that this limestone is not such an cffieieiit filtering material, and 
owing to its liability to become cracked or fissured, there is, especially 
with shallow wells, more chance of its conbimination. 

Water frohi SaiMonex varie.s very considerably in organic purity and 
in the quantity of dissolved mineral matter. It is, aa a rule, fairly 
hard, containing carhoiwitc and .sulphate of calcium, A consideral»le tpiau- 
tity ' f sodium cldoride is also usually present. 

Water from Clay is usually organically impure, small in quantity, and 
of great permanent hardness. 

Water from Peat contains a large amount of organic matter, but need 
not, on that account, be dangerous for drinking purposes. It contains but 
little dissolved mineral matters. 

It must be remembered that the water from deep wells, as often as 
not pfis.scs through a number of different geological strata, and so takes 
*up various substances from each, its final composition being the result of 
a complicated series of clmuges. 
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Tlic rf)ni‘mo oxainination of (trdmary sanijiii's of wairr cniinM'isf'K the 
followii)}; ; — 

1. FAAMINA'lKiX liY 'fllK SkN^KS. 

II. < ’niAiJCAJ. MhTnous. 

III. r.iuio(;u:AL iMKTHfH)x 


1. Examination ha' tiik Sksse-^. 

W'jitiT that is (jvKlnitlv turlml, iliut liosM-ssos an odour and an 
unpl^’:l^a^t t:ist<', mjidtiiwo < in i‘ondrniu %! as unfit for 

drinkiii';; in its unalt(M<'<l condiiion: sucli waters luay, however, Re often 
jjfreatly iiuproverl hy lilirat.iou throiij,di sand, or oilier treatimTii.. A water 
that ev(‘n |»ossesseH any one of the enuuaTated ]>'id ijualitii's will, as a rule, 
he found to hold in soluti<»n sulVa-iout iiotiurihes lo make it decidedly 
iihjeetionahle. Mo't drinking waters, when looked al, or tasted, or smelt, 
without sjieeial aids to the senses, liave neither c »i(>nr nor odour; on the 
other hand, all water, if'view'ed throut;h asntheiently deep sliutum, posM'Sses 
colour. 

Colotir. — To aseertain the colour of water, it is 'isiuil l\ii anidy'-ls to he 
provided with a colourless liihe, at least 2 feet in len;:th, having the 
ends closed with ])lale^lass, aiul a small optuiiim in the side of the tube 
thronjjrli which to pour the water. Thb jairest waters have tla* shuditest 
tin^ui of hlue; the next in order of jairity have a just dFl.iiiguishable 
shade (tf ;.M’een Decided green tints, London fog hues, aiidier yellow, and 
brown tints are those p- »&i.>fs''ed h\ waters tinged willi peat, eoutaniiug 
susfiended matters, of second chusa composition, or those ol considerable 
impurity. 

Messrs. C'roolo's, (idling, and Tidy, in their rept»iton the London water- 
supply for JHSl, (leserihe an ingi'uioua ‘colour meter,’ consisting of two 
hollow weilgos tilled, one with a lirowii and the other with a hlue solution. 
Any desired combination of green and hhie may he made by sliding the 
wetlgos ticros.s each other in front of a circular aperture in a sheet of metal, 
and thus imitating the tint of w.atiT under examination ; each prism is 
graduated from 1 to 50, the figures representing the thickness in milli- 
metres at that particular ]iarl of the prism. 

A far more scientific method is to fix two right-angled prisms, the 
reflecting surface of eaeh being in opjMisite directions, in front of the 
divideil slit, and then to fill a 400 ee, tube, fuieh lis is used for saccharirn- 
eiry, with the water under examination, and a second 400-c.c. tube with 
distilled water, and by means of two sources of light of eijual luminosity, 
examine by the melliuMls descril»i‘d (p. 1>0, ct the difierent yiarts of the 
spectrum, and tabulate otit the aKsorption of the water as comimred with 
that of distilled water. 

-Half a litre or more of tlm water is wanned in a large corked or 
stoppered flask to 38* [ItiO’ F,]; a long glass tube ihretHjnarters of an 
incli in diameter is m»w msertiHj, and the w-ater sucked up once or twice so 
as to wet the side of the tuU' th«>roughly : then, w'ithonl taking the tube 
out of the flask, one nostril is applied to the orifice of the tube, the other 
closed by tbe finger, and deep inspirations or ‘sniffs’ taken. 

Another simjilcr plan is to warm a quantity of the water, witliout 
removing the sloppier, up to the temperature given, then slmke, remove 
the stopjver. and smell ; a ]nitrkl odour denotes decomposing animal or^ 
Vf'jytitable matter. If tlie sample is ranch j*olluted by fresh sewage, a 
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urinous odour in not unfroqucntly distinct. But, ap^ain, it may be specially 
noted that water <iuite unlit to drink may have no odour, hence the useful- 
ness of the test is limited. A positive smell teaelies volumes— a negative 
result is of little value. 

Ta'itt \ — A few wat(Ts, and a few only, have a flecidcd taste. It is 
scarcely to he ivcommended that ctualysts should taste samples derived 
from fever-stricken localities; hut, on tlie other hand, uhen there is no 
.suspie'ion of the sample.^ having been the (yuise of any illness, the piilsto 
may detect some not unimportant peculiarity. 


IT. CiiKMroAi. METirons. 

Al. - Pt>Ii}Hi7iar{i Qualitaficr. Chaniiral Kvamimt 'uni, 

^ The qualitative examination of drinking w.iter Ls tiot of much value 
sa\e when applied to a water eon.sidernbly polluted. Jt may be restrifted 
to the direct addition of Nessler solution, when a water containing a cun- 
sideifiule amount of free ammonin will give an amber colour or even a 
[»recipitato, and to tlie testing for nitrites, nitraU's, and metals. 

Jh'h'rllmt ti / — The best tests for nitriles arc— (1.) Tlie meta- 
phensh'iiediamine test ; (2.) .Meldola’s test; (.‘k) The iiaphlh^ lamine test ; 
(4.) Tlie zinc iodide starch test. 

y .) The M* la-phf‘iiiflav((lia)ninf’ 'M ; the solution is made by dissoh ing 
8 graimees of the hydrocliloride in 1 litre of distilled watm*, and adding a 
little bs;^rochloric acid. A c.c. of the solution added to 50 c.c. of water 
acidified wilh suljiliuric acid (1 : 3 made very faintly pink with perman- 
ganate (tf potash), strike.s a pale straw-yellow to a deep oratige-rcd, acc(»rd* 
ing to iiic quantity of nitrite present. By comparing with known dilute 
sol iiti' ins of nitrite this method gives fair quantitative results. 'The limit 
of tlie reaction is, according to It. Wariiigton, 1 part of nitrite in ten 
mi’dions of solution. 

(2.) is a solution of pam-amido-benzeno uzo dimethyl- 

anilim’ in W'atcr, acidified with hydrochloric acid, strength about *02 per 
cent. The reagent is added to the w.atcr to be tested, and the whole is 
acidilied with sulphuric acid, warmed from ten to lil’tecn minutes on the 
water-bath, and then alkaliscd by amiMonia. Jf no nitrites are present, 
the tint is ilrst a pale citron-yellow, changing on the addition of the acid 
to a rose-pink, and reconverted by ammonia or alkalies to citron-yelhjw. 
If, however, nitrites are prf.sent, the acid-li'juid bccome.s of a salmon colour, 
and the ihial tint on the atldition of ammonia is that of a sap gri'en wdth 
small quantities of nitrite, and of a sapphiie blue with larger ([uaiiti ties ; 
on acidifying the liipiid it changes back to ;» ‘ ilmou colour. The tints arc* 
not |>errnancnt, but soon fade. The reaction, according to Waritiglon, 
succeeds iu a dilution of 1 part in one hundred millions. 

(3.) The Naphthf/Javiine Test, — Keagonts :—»*■’ jlution I. : 1 grm. 

sulphanilic acid, 14*7 c.c. glacial acetic acid, 285 c.c. distilled water. 

{Solution II. ; — *2 grm. a-qaphthylarnine, 14*7 c.c. glacial acetic acid, 
325 w'ater. Keep the solutions separate and mix eijual volumes before 
using. To 50 c.c. of the sample add 2 c,c. of the mixed solution ; a 
minute trace of nitrite strikes a pale pink ; but, if much nitrite be present, 
a deep ruby colour is produewi, and the solution becomes turbid from the 
precipitation of colouring-m.ifttqr. ITic reaction may be made to give good 
|(juantitatix'e results. Warington found the reaction distinct witli a 
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dilution (>f 1 ]Kirt rjf iiitrito ill live Imiidrod iiiillious of water, Lilt in these 
^^rcat diliilioii^ the reijuiKeK to jio on for au hour or two before 

tiu' ooiour is dr\('lo|)t'd. 

(i.) The Ziih' In h,ir 'M. To lOOe.c. of the water are addal 

*2 0 , 0 . of stroiiL; sulphurie ai i<l, an«l a little zinc, i(Mli.!e and stareh solution 
(see Apj>e?i>li.r ) ; iii the of nitrites a blue eolour appears. 

I)<(rrh<,fi nf yi/'-uhf!, — SiiKT iio natural water is absolutely free from 
nitrate, (lie iiuautitative f.^Oniation of nitrates is aNaie of iniportaiiee. 
Mrtst tests an- eoinmou to nitrites and nitrates. A’itrates, in the absence 
of nitrite'', can he nviddy tesb'd lor by aeidifyinir, addinj; a little zinc, and 
then testin',' with the /i.m ioilide stareh test. (For the brucine and other 
tests, see pj), rrJo-.'i'Jo.) 

Ihhrliint of .IL /u/s.— -The jmmmiuouo luet.als most freijiieutlv 

found in ordinary waters are lead or cupper, and ihe most seiisitiye test for 
tliCM’ i-' to acidify and add eitlu'i* amnion. .sul])hid< ur sidplmretted hydrogen 
water ; a dark tint or preeipilale d<’nuU*s •nther lead or eo[iper, or both ; by 
adding potassie euiUKle solution, if the dark hue he ilue to copper sulphide 
only, the solution clears; if to learl sulphide only, it remains dark , if to a 
mivture, i( partially clears. T*» eonlirma «*o]'pev reaeii'ca, test with ]ioiarsic 
ferroeyanide ; this ]>rodm-es a brownish eohair or pn-eipitafe, according to 
the (luaiitity of coppi'f present. 

A coiiyeuiont reagent is Ihe senior ant liorV. Cocliimcal test. A solution 
of eoehineal inspirit strikes with a neutral or alkaline sulntion eonlajning 
dissolved li’ad or eojiper. a «leep uiaine hluo to a red wil,]j a faun blue 
tinge, according lo (he amount present. The test will indicate of^i grain of 
lead per gallon in ordinary d.rinkiug-water, and by the aid of lompaiison lead 
or eup[»er free solutions, .smaller ipiantilies of these metals may he detected. 

F. I‘. Venahle ’ has found 4* IS grains of zinc carhouatc per gallon in a 
spring water. Heaton - -in a Welsh spring, after flowing thr<mgh half a 
mile of galvanised iron pipe — found 0’4l grains jier gallon of ZnC’O... 

Frank land lias recorded a case of imisoning from a ziuc-])olluted well-water. 

r« 'lassie i'errocyamde added to tlio tillered and aeididatod water 
containing zinc, gives either a light white cloud or heavy precipitate, 
aeeording Id Hie amount present. 

B. ■ Anahi>-i$. 

UTO, A complete examination hy elmmieal jvrocesses embraces the 
follow iug determinations : 

1, Total solid residue, and .solids in solution and susjiensiou, 

2. Fstimaliou of the lialogeus, ehloriiie, and occavsionally i<»dine, and 

in a few eases bromine. 

ib Phospliato.s. 

■I. Nitrates and Nitrites. 

f). Fstunation of disselved oxygen, 

C Sulpliates, 

7. Oxygen absorbed from permanganate. 

8. Free and alhumiimid ammonia. 

y. Hardness. 

to. Alkalinity. 

11. Organic Analysis — Ksiimalion ofiirganio oarlion and nitrogen. 

12. Mimral amilvMs of water. 

* ('hem. Xcii-t, vul. li. 18. 


ll.y xlix. 85. 
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The oniinary analyses, suftieioiitiu most cases t-o pronotince an opinion 
as to tlie litness of a water for drinkinjr purposes, embrace only 1, 1. 

7, 8, and 

1. Total Soli'f lieiiiilup . — By the total solid residue of a water is meant 

the HubMaiiees in s(dution, as determined l»y ilryinj^ up a measured 
portion, and wei;,diiiig tlu' dried residue ; if tlie water eonlain Kuspend(‘d 
matters, it should first he filtered, and a portion (»f the clear filtered li^piid 
taki'u. The amount suitable fi»r this determination de]>eiids u])om the 
eliaraelers of the water. The soft Devon wiitm-s yield a very insi^uiifieant 
residue frt)m 100 e.c., and to (d)tain f ru.stw«)rf h\ results, at least a <[uarler 
ot a litre is required; while, on the other han<l, \sith calcareous wah'rs, 
p)od Jesuits m.iy Ik‘ always obtained from 100 c.c. With waters the 
ehara' t.ors of whii h are uidvnown, it will be best to operate on a rjuart<‘r of 
a litre. <a (if working with English me.asures) om- twentieth of a gallon, 
'fhe watei' may be placeil in a ]»latinum dish, and evaporaii-d «l<twii to a 
.small ijuantity over a ring burner, taking care that the liquid in no case; 
boil.s or even simmers; the last drops are driven oll“ on the w.^ler-bath. It 
is n commended by tlic Hoeiety of Analysis to heat the n^sidne nj) to 104“ 
C. E.) in the air-bath, and tht‘n to cool under a (h'siccator; but with 

waters of uidinown composition, it will bo bo.4 to weigh the residue, which 
has not laen exposed to a greater heat than 100“ C., for it is always rqjen 
to Lh(' chemist to expose the residue thus obtaineil to higher temperatures. 
Tln^examinatiim of the solid matters by the eye will offi'ii reveal much. 
1 rr>n gi \ e.^ a coppery lustre to the dish, maiJgnno.se a green to the ash, 
and vc'cy pure wat(;rs leave a residue ahuo.st white. The dish with its 
eontent^ j.s n*-xt heat(*d to a low redness, by the aid of a good Ihmsen's 
humor, furnished with a ro.se, and then ooolod and weighed. Note should 
bo taken of any blackening or scintillation. The loss of w'cight is retunieil 
a.^ leiss DM ignition, and this final re.siduo is di.s.solved in the mariner to he 
tieserd/*'<l ujid used for the (jualitative determination of the phosphatiis. 
Th ' suspended solids ai’o best estimated hy cvafuirating to dryness, and 
weighing i.he rc.sidue‘« of known quantities of the w'ater unfiltered and of 
the water filtore<l through a luinl filter, the ditrcrence in the weights 
eipiulhng siispt>nd(jd solids. 

2. Estimation of the Haluijens . — The estimation of chhirino is an 
essentia] part of the ordinary scheme of w^atcr anal^^sis; that of iodine is 
rarely (ptrliaps tfS) rarely) pcrformeii, while so few waters contain an 
estimable amount of bromine, that it need not be here described. 

i^hlorinp. — Chlorine exi:»ts in oi*dinarv waters in the form of siKlic 
chloride ; occasionally a small portion of the total chlorine is comhined 
with potas.sium, and sometimes quite a quantity cd calcium chloride is 
present. Jt may he estimated volumctrieailv hy a stan<iard solution j>f 
.silver nitrate Appendix^ using a-> an indii’ator neutral ijotassiij 
chromate. Nitrate of silver in presence of potassic chromate and alkaline 
chlorides (wh'iii the solution is neutral) first uses uj or decomposes all the 
^ bhlorides, and then attacks the chromates. Chloride of silver being white, 
and chromate of silver being red, the formation of silver chromate is 
indicateil immediately hy a reci colour. At lea.st 100 c.c. of ordinary water 
(or, if grains are worked with, 140 grains) arc to be taken for the deter- 
' inination of chlorine. With much-poll uteil w’uters, with those near the sea- 
shore or other places in which the ground is impregnated with salt, such a 
quantity may be inconvenient, and it will lie necessary then to dilute with 
distilled water, taking of the •diluted liquid a known quantity. In any 
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4‘as(\ tlio wiib r is put juto cither a white poreelaiii dish or a beaker 
istwudin;,^ on a white slal>. 1 e.e. of the iLroiiuite solution (or 15 j'rains) is ^ 
atlded to the water, and the atandaid sohiiioii run in from a gruduated 
Imn'tte or pipette. 

'I'liiM ,\a<*i terniinatinn of the process is best observed through a glass 
cell, in whieh a little pale chromate solution has been [ilaccd. Since the 
<'ye, lookni!' tlius tlirough yellow liy:ht, is very sensitive to the red rays, 
it may b<* nl•c^■^^arv - esj- idally where great aceurivey is rcfiuircd — to 
repeat the determination in the following way; — Tlic water from whieh 
the red colour of the silver chromate cannot be discharged by stirring, 

IS rendered again wbith.li-yelluw bv the cautious addition of a very dilute 
sitluiion of eommoM .silt. A fre^^h portion of water is 1 ilrated in a fresh 
di^h or beaker, side by side with the former : in this way the first 
permanent dill'ercne.e of eolonr can be observed. The results may he 
('\pr('ssed in chlorine as chlorides, «»r it may be »vtunied as eominon salt; 
for the lat ter purpose multiply the ehlorino by th<* faetor I'filS, or more 
exactly by 'Flic following short taldc may faeaiitate calcii- 
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In a geucrjil laboratory it may lie more convenient to estimate •hlorine 
l»y Volhard's metlioiU because Ibe solntioiH arc in that ca-se applicable, 
to tlio determination of the lialogens in acid .solutions, in whieh they 
have hitherto licen estimated hy weight. 

For ordinary purptwes the solution of silver nitrate shoidd be deei- 
normal ttliat is, 17 gnus, per litre), but for water analysis the strength 
gisen in the Appendix is imM eonxeiiicnt. 

beside th(^ silver solution, are required— (1) A solution of ammonium 
sulphoeyiinide ; ('2) strong nitric acid which ha.s been boiled ; (3) a 
s.ilurated solution of ferric alum. The sulphocvanide solution is diluted 
so that U) c.c. shall exactly equal 10 c.c. of tlie silver. 

This is easily etl'ected jus follows 10 c.c. of tlie silver solution, acidified 
with nitric acid, are run into a beaker, and a drop of the iron-ahim 
solution added ; the sulphocyanide solution is now run in from a burette 
until a single droji gives a led colour; the number of c.cs. used is noted, 
and the suljihocyanide diluted accordingly. 

The titration of the chlorides in water is done on similar principles; 
an excess of siUer solution is added to 100 e.c. of water, the mixture 
well .shaken, and a few drops of alum solution added, and tlien the excess 
of silver solution dvlcrmincd by carefully vuimiug in the sulpbocyauide 
until the red colour denotes the end (»f tiie reaction. 

Lniivr.—Vi, (’lullin'^ luis iiphvlil tlio theory, that goitre is caused bv waters 
iusulfuieutly iodi^ d — a proiii»!sitii>n wliich caius^t be considered ]>roved. However, 
although M. Chatiu has failed to convince the seu'iitilio world o< like truth of his theory, 
he has doue gt^d stu'vice in showing how eiu.y the detection .and estinialion of iodine ui 
water re.dly i‘<, ajol in dem.»nstr.itiiig the tact that nutst waters contain it in appreciahle 

I “On the Kstiinatiou of ihc llulogtiis,'’ by A. IVrey Smith. Analt/st, Jan., 18St>, 
Liebig’s Amaf<^n, esc. gi. 

ConqH, Jiotd., t. XXXV.. vxxix. 
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quantity. Tlu; }ti')Cftss whicli M. Chaiin umkI in his n-si'an-hes was: To evai»oraU' one 
.or tw(» litres of the waiter to drynevs with pure potass** carhonato, to ralcino very 
niodoratolv tliis dry residin', and then to uxiraet will) strong alcolml <»!' 94 per cent. 
Tliis iileoliolie solution is a^ain eva]>oraUMl i<» dryness, and inoilerately calcined ; the 
last rcMdue is dissolved in a very little w'ater, and will show all the reactuui.s of poUssiu 
ijslide. It is colorimetricallv estinwled hy |>all:iditMii. A solution of chlorido of 
palladium ffives a distinct colour with an iurmiicsiinal quantity of iodine : hence it is 
only iieces.sury to have a standard soluti(m of potassicioilule, contaimn^f say 1 milli^'minino 
m JOO c.c.. and to estimate it precisely on the .sjimc prim-iples as detailed (po,s<j for 
ammonia. Mr, Marehand,’ puismiig the same line of rc.seareljes, has preferred to pre- 
cipiiate from ten to twenty htre.s with mtralt* of silver, col!'-et the prccipilatc wliieh 
mav coiitjuij the chloride, io«iMe and broiiude of silv'er, and dissolve it in s(Mlic hyp(f- 
Miij'hite. Tlii- .silver i.s now’ thrown out ol this solution hy sul|»h unit ted liyflropin, and 
the solution, wlieii frecil from .silver suljdiidc, loujsiialed to dryness with a little hvdro- 
potas.sie earbonaie. In this way he obtains the chloride, hromidc, and iodiifc rtf 
jwitji.^sium. M'lieo ilii> residue i.s |MU‘feetly dry, it is exlraeieil with .sliniifj; alcohol of 
iS.a p‘i e'lit , the alcoholic liquid i.s evapoiubal to «lryness at a temperature not 
ex'ceeiliiifi 70 This last rc.sidno is ujyaiii taken up hy alcohol, and treated similaily . 
t<i the ])eqvss|c ioilule ohlainud hy t'liatinV method. 

3, residiio nftor ij'iiition is troati'd witli h vory littlo 

iiitiji: ticid, and eva])arjitnd to dryness; this tn-atnient renders the silieii 
iiisolnlde. It is now aptin dissolved in a few drops of iiilne aeid, sonio 
water added, and lilteri'd thronph an cxluinsted tiltor. If the lillrato 
is more than 5 c.e., it should he coneontrat.od to a .smaller bulk, and 
its own V'llmm! of the molylxlie solution (see Appemlu) added. The 
solution tints treated, and pMilly warmed, pves a more or less deep 
eolonr or a decided firecipitate, aeeordinj' to the amount of pliosphorii) 
aeid mvsent. It may he estimated eolorinietricully by a known solutioti 
of hodic pli.-spliaLti, hut this willi no great accuracy. ^I’o make a griivi- 
inetiii; estimation of pliospliutes, save in ji^illuted waters, may require 
several ntres, and will seldom repay the trouble. Heme phosjihutes may 
he relnrncd in a qualitative manner as with a fe*l)le colour; 

n'jfffiu'e* with a darker eolour, and as U'sfimuUe amounf.* if 
there should be a precipitate. The Analyst t.’ommitteo have adopted 
traces,' 'Imit'ij frames,’ ami ‘/vov/ hmvt/ frftc(h%* as exiirossing three 
degrees of phosphate contamination. Such [ihrases arc convenient, though 
somewhat paiadoxical, and the authm-s therefore prefer the more logical 
form of expression given above. 

1, tl»ti)nation of NUrotfia ainl — "J’he seveml mothiMJs in use 

for tiie estimation of nitrates and nitriles (see also antv^ p. 519) may be 
arranged under tine following headf^: — 

(1.) Colorimetric metluxia of estimation. 

(il.) h^timation of nitiates by eoincrsion of the nitrate into ammonia. 

(3.) Kstimation of nitrates hy decomposing the nitrate into nitric oxide, 
and mea.saring the gas. 

(4.) Indirect estimation hy means of iiniigo. 

(5.) Estimation by the deficiency of hydrogen evolved from the action 
of sulphuric aeid nu iron j)owder. 

* (1.) Coloritmtric Methoda — (a.) Thv lintdm MHkod ,^ — 1 grrn. of 

brucine is dissolved in 100 c.c. of alcohol ; 10 c.c. of the water are 
evajwnited to diyness ; and' from 0*5 to 2 c.c. of the brucine solution 
added to the residue and six drops of a saturated solution of (oxalic acid. 
The eolonr must he a bright rod; if it he brown, an insutlieient quantity 
of brucine has been added ; if pink, too large a quantity has Iwen added. 
So it is Ixjst (in waters of unknown nitric content) to put thrcic or four 
* Ctmfi. Heiid.., XXXV. * See * paper hy J. West Knight, Analynt, 1881, 56~58. 
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«op;irfito 10 c.c. in porc(.:ljiin clislirs and to evaporate them d(*\vii with 
varirms (piantities of tlie brucine .solution (such as O n c.e. ; TO c.c. ; 1 %'> 
c.o. ; and '2 c.c.), and to make any (|uantital ive determination on tliat 
wliic.li lwi.s the jiroper I’ed (iolour. The coh)ur is ijiiitated by a .standard 
tesl. made ))y evaporating 10 c.e. of a solution containing 72T mgrms. of 
pt)tassic nitrat(‘ per 100 c.c with .*» <;.c. of brucine .solution and six dro]).s 
of the* oxalic acid snliilion, and diluting up to 100. Tliis te,st solution 
is <liluted, if m'crssary. The original waiter treated in tine same manner 
may, after e\ ;ip »r;iling and diluting, require filtratitm. 

(1. liunge ami A. hwofl’i do not evaporate to drynes.s, but a[)ply the test 
b) the watt‘r dij-ect ; they ac.idity with .sulphuric acid, ami the contents arc 
heated to betweeji 70' and «^0 V.. until the liijuid assumes a permanent 
greeni.^h-yellow' ; then this colour is imitated by a standard solution. They 
tind (hat nitrites <lo not init'rfere. 

(/>.) 77/c n}jiln‘nijlattnnrMi‘lh(nl . — A .solution of 'liphenylamine sulphate 
strongly acidilitsl with sulphuric acid .strilv<‘s a bbn' colour with nitrates, 
'i'lus colour can be imitated by a .standard .solution of nitrate, and the 
nitrates bo tlius estinmbal on eolorimetric, principles. 

'rids lest is also well .suited for (piantilative spectrosc.ojiy. 
ilaiis SetU'giirt- has worked out the ahsorjition faelors of di[>henylamine 
as applied to .small {juantitiexs of nitrates. Ileducing his notation to wave- 
lengths, the following arc his chief results : — 


TAIiLK TiXiV. 
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Tin* values are correct for solutions containing nitric acid from 4‘0 to 
O'l p<T lOjOOU. 'I'lic di]»henylamiiic must be in 0*1 per cent, solution, 
and, of conrte, the sul})huric acid mu.st be free from nitric or nitrous acids. 

(c.) The Ct(rf>a::<>f 7V.sA — Samuel C. Hooker has proposed carbazid as 
a test for nitr.ates; it giv(*s a green colour with oxidising agents. The 
(d)jcctions to it.s use are that chlorine and iron liave to be first removed, 
and that the ju’e.-enee of much orgrinic matter makes the results too low. 
Assuming that the water has been freed from chlorine by silver sulphate 
and contains no iron, then two c.e. of a sul[)hune acid solution of carbazol 
are added, and the resulting green colour imitated by means of a solution 
of jmlassic nitrate. 

(d.) Vhvnol and l(e.<ornnid, — T). Lindo*^lias experimented with phenol 
in alcohol as well jis w'lth resorcinol. A *0005 per cent, solution of NgOg 

^ (nnjeic, Chem.^ 3Sy4, 345-350. 

“ bi'ituige zur quantitativeii Spectral-aiiftlyse. Anncdm ikr Phusik, u. CJiemie. 
B(l. \n., 1879. 

“ Analyat^ Sept.. 1889. Ctoi. News^ Iviii 1-8, 15-17, 28-29, 



§ 370.] EXAMINATION AND ANALYSIS OF WATER. 525 

yields ii faint |)iiik hand, green helow, with a 10 per cent, soliifion of phenol 
in weak alcohol ; if 0’5 c.c. of the solution ho mixed with a singh' di’op of 
the tost in e, test-tube, and then 2 c.e. of sulphuric iieid run down the tube 
so as to form bands of colour, in the proj)ortion of one *2, 000th, gives 

Yoty intense green an<l red ba,]ids. 

I’lu'iiol is also a good test for nitrates in the presence of free hydro- 
eldoi ic acid. 

Resorcinol, in h ])er cent, stdutlon, is a goo<l test for nitrites, so siniill a 
<|iiantityas i in 000,000 giving (after standing foiii hours) a pink colour 
if Mcidilied with sulphuric acid. One in i0,0o^‘ gives a ])ink cohjiirat once. 
Iodides, bromides, and veiy largo qiiantitii's of chlorides interfere with these 
tests, ainl must lu' removcil by silver sulphate. 

Roth the :i*n»\c are arlaptod for (piantitati vo colour estiimition. 

(2.) K'ifinitffio/t ati Atnmoiiifi. — A conveuieiit method of obtaining the 
nitrogen of nit, rites and nitrates in the form of ammonia is decidedly hy 
the aid of the ‘ eopjier-zinc eoiqile.’ 'I’lie results are, however, of no valiu' 
unless all the pi’ocesses are carried out with extreme care. This method 
was lirst proposed by (Gladstone and 'IVibi*, and afb'rwards worked out in 
detail by M. Whitley AVilbains.’ It appears that the eopper zinc couple 
de(!()m|M)ses nitiiitos tirst into nitrites, and then the nitrites into ammonia; 
nitrites are present to llio hist, ;iiid when all the nitrites have disapjieared, 
it is certain the conversion into ammonia is coin]>Jeto. A low' tern fiorat lire, 
alK^ilies, alkaline earths and their carbonates, retard the reaction, while 
carbii'j dio.vide, mineral acids, oxalic, jihosphoric and generally all acids and 
eomiiKV' ‘^alt, as well as olevafioii of temperature, increase the reaction. In 
pract ice, a temperature of 21“ ( \ is recommended as easily attainable. 

Mninifwfuro of the Gouplv. — Pieces of clean zinc-foil, about 

.‘1 iiicht’s by 2 inches, arc immersed in a 3 per eent. solution of cupric 
snl])halc ; the zinc rapidly bi'coincs coated W'ith metallic copper. When a 
siiflicient coating is obtained, the solution is poured off, and the cou])le well 
washed w’ilh water, liiially drained, and the water for analysis poured on to 
the couple. It is best to do these processes in one and the same stoppered 
bottle. The water may nearly till the bottle, and the stopper may be 
inserted, for there will be no gas evolved until the nitrates are entirely 
decomposed, d'he water thus treated is put in a warm place, and if the 
action is allowed to go on all night, tin' ammonia w'ill be ready for estima- 
tion in ill'* morning. The guantity to be taken for the estimation ol 
nitrates according to this jilan may be a (pmrtcr of a litre, or, if English 
measures aro used, say b ounces. IV) very hard waters the addition of a 
little oxalic acid is recommended. In any case where there is doubt whether 
the conversion into ammonia is comjdete, one of the tests (page 519), 
should be used; and if there is evidence of nitrous acid, the W'atcr must be 
left for a longer period. Jf the water possesses colour interfering with, 
or matter precipitated by, Nes^lcr^s reagent, it must be distilled in the 
ordinary way, and the ammonia estimated in a fractional part of the 
inTich-dilutea distillate. In most cases this is unnecessary, and by taking a 
measured fpianlity of the water and diluting it considerably, a fairly correct 
colorimetric estimation Ca.i be made by the direct addition of the Nesslor 
reagent to the water thus diluted. It will be necessary to subtract 
from the amount of ammonia found, that which lias been determined to 
exist in «he water as ammonia. The ammonia derived from nitrates and 
nitrites must be expressed cither as nitrogen or as nitric acid. 

^ Journal of Chemical Society, March, 1881. 
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retort, which is fitted in an air-tight manner to a condenser, terminating in 
a flask as in the armngernciit figured at page 387. An equal quantity 
of the 6oda solution is added, and the whole boiled until free from annnonia ; 
the retort is coole(i, and the aluminium-foil dropped into the liquid ; tlie 
whole is left over-night, and in the morning heat is applied to the retort., 
and tlio ammonia distilled over, and estimated in the usual way. 

Method of KMimfion (f Nit rp' And hy Redurtiou to Ammonia.^ 
— Half a litre of the water is concentrated down to 15 c.e. ; this is trans- 
ferred to a flask of about 300 c.c. capacity, 5 grins, of reduced iron (Fermm 
Vf'darfum) added, and 10 c.c. of diluted sulphuric acid, specific gravity 1*35. 
Th(' liquid is hea'^ed to gentle boiling for some five or ten minutes, diluted with 
100 c.c. of distilled water, alkahsed by from 20 to 25 c.c. of soda lye (siioeifio 
gravity 1*35), .-ukI distilled into 25 to 30 c.c. of d. n. acid; the difiereneo 
in tlie titrc of the d. n. acid, before and after the distillation, gives the data 
for measuring the nitric acid converted into ammonia. A correction by 
blank experiments should he made for impurities in the reagents. 

- -Half a litre of A\ater was treated in tlic way drstaikrd ; and distilli'd, 
nfltT l)t‘ing niado alkalint-, into 30 c.c. of d. u. acid ; at ilic Pixl of the operation, the 
acid used, instead (jf 30, 14 c.c. of d. n. soda, 11-30 — IG, which 1C of a. n. soda is 
exactly equivalent to IG c.c. of d. n. snlpliuric acid whicii have been neutralised hy 
ainiuonia. Since 1 c.c. of d. n. acid is equal to f)*4 uignns. of nitric anhydride (N.pa) ; 
lGxr)* J = 8G*4 ingrnis. ; hoiice the litre contained twice that amount, or 172 ’8 ingrins. 
[12*1 grains [)cr gallon], 

*(3.; FMimatum of Nitrates and Nitrites as Nitric Oxide — Qmm Process. 
— iStropg sulphuric acid acting on nitrates or nitrites in the [ireseneo of 
mercury, decomposes the nitrates or nitrites, and the whole of the nitrogen 
is evolved in the form of nitric oxide. 

Halt a litre of the water is cvajioratcd to dryness, the nitrates extracted by hot water, 
the hot water extract cvai)oratod down to 1 c.c., and tlio liquid transferred to ilie deoom- 
inmition tube, which is a short tube about 3 inches long, constricted at one end, and 
furnished with a cup and stoi»cock ; oi>en at the other, and having a boro easily closed 
with the tliunih. 

TJjis tube is filled with meicmy, inverted, and clamped in a mercury trough with 
Ihe cup ui>])('rmost ; it is now ea.sy to transfer the solution of Tiitrates by pouring the 
solution int<» the cup, and cautiously opening the stopcock. The vessel in which the 
filtrate lias been concentrated is then rinsed into the cup with pure strong Bulphuiic acid, 
and ultimately one and a half times the volume of the eoncenti'ated nitrate solution of 
strong Kul plume acid is worked into the tube by carefully opening the stopcock. No air 
must ho allowed to gain admittance. Should gas be immediately evolved, it is carbonic 
dioxide, and must be got rid of, tor nitric oxide is not at once evolved. On the mixture of 
sulphuric acid and nitiate having been transfemd into the tube, tlio lower end is closed 
by the thumb, and the tube shaken s<i as to mix up the acid and the mercury, w'heu the 
gas in a short time begins to come off, and considenihlc pressure may have to bo exei'ted. 

When the reaction is comrdete, tlie contents are Iransfeired to any gas apparatus and 
measured, or as the tube itself is now graduated, the sinqdest niethoa is to plunge the 
tube into a vessel of distilled water, cool it to the temperature of the Avater, adjust it so 
that the level of the water iii.sido and outside the tube is the same, and measure it direct. 
The small ab« )ri)tion of tlio nitric oxide by water requires l j correction. Of coui’se, tlie 
of the divisions on the tul>e must bo ascertained with accuracy. 

^ Every two volumes of nitric oxide equals one volume of nitrogen. The weiglit of the 
nititfgon is obtained from Table LXIX. 

(4.) Schutze-Tiemann Method. —ThQ method is based on the fact that a 
strong solution of ferrous chloride in the presence of hydn^chloric acid 
liberates nitric oxide. The reaction is not interfeied wdth hy the presence 

' Zed, f. analyt. (Jhemie^ xxx, 175 ; xxxi. 8 2. Tiemann-Gartner’s Handbucht 
Braunschweig, 1895. 
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of orj^anio iiiatlur. Tlio Jij)[)ar:itiis hitlierto used has neither been con- 
venicait nor cap}d)le of ^j^iving results of tlie highest accuracy, but bj 
adopting the iiuprovoiuonts suggested by one of tlio authors, tlio process is 
now 4)n<i of the ))est for the estimation of nitrates. 

A (piarter of a litre' of ordinary water is evaporated nearly to drynesSj 
tlio insoluble carbonates tilbjrcd off’, and the residue washed with hot water. 
Tlie filtrate and washings now contain all the nitrates and nitrites originally 
pre.sent in the water in a fairly concentrated form. This li<piid is transferred 
to a tubulated flask (se«' fig 7 l*), closed by a perforated caoutchouc sto]j[)er, 
carrying a thistle liead funnel, the tubule being connected with a lon«j 
deliv<‘ry tub(! ])art]y of glas.s and partly of tiiick walled rubber. The glass 
tid)c is carri(;d uj) well above the banaiietric lieight to which mercury 
ascends aiul thus makes an efficient A'alve. 'I'lie tube delivers any gas inti 
a [aiemnatic. trough, and from thence into a suitable measuriug apparatus. 

The li<piiil is first just acidified with hydrochloric acjid and hoiJed tc 
concentrate it still farther and to get rid of any^ earbonatos, the steam 
being allowed to es(‘.a])e into the air; after boiling a little time tlie n(./,/k 
of the delivery tube is inserted under the tube jmeviously filled with 
mercury aiuJ the boiling continued until air or gas ceases to be evolved 
It is best f.i» take away tlic flanio for a inimito or so and thus allow con- 
densation and the creation of a vacuum in the flask ; on now applying heat 
any trace of air or cai’hon dioxide remaining is effectually got rid of 
When this is the case a hot acid solution of ferrous chloride (made fiy dis 
solving 1.^) gnus, of fen’ous chloride in 100 c.c. of hydrochloric acid) ih 
added through the funnel, care being taken to allow no bubbles of air tc 
enter the flask. 

'I'he boiling is now continued. Should gas be at once evolved, it is not 
nitric oxide derived from nitrates, but from nitrites, and when this first 
evolution of gas has ceased, the gas should be transfemid to the measuring- 
tuhe r, for the purjiose of estimation ; by lowering the pressure tube 
and opening the two-way stopcock so as to allow a communication between 
h and c, tlie gas can he drawn over without the water, which has condensed 
from the steam and has collected at the top of h. The nitric oxide is not 
evoWetl from nitrates until the solution is quite concentrated. The last 
tniee of the gas is obtained by’^ allowing the flask to cool for a few minutes 
thus proilueiiig a strong vacuum. On rehoiling, the gaS is obtain 
witliout diftieulty, and, ultimately, the steam issuing from the flask mak 
the peculiar motiillie click wdiich is a sign of freedom from gas. 

Tlie measurement of the gas is made in the usual way. After 
correction to normal temperature and prcbsure, 4*1 c.c. of NO gas oquah 
10 mgrms. of nitric anhydride, NoOr,. 

(5.) ln<f/i/n Pfocesa . — This process is based on the decolor i sat ion ol 
indigo wlieii nitrates or nitrites arc decomposed by strong sulphuric acid. 

When certain kinds of organic matter are present, the results are 
entirely without value. On the other hand, with careful working the test 
is correct with the great majority of watern, and as a means of rapiti\’ 
determining the nitrates in unknown samjfles, with a view to their deter- 
mination by other more exact processes, it is very useful. Four mgrms. ol 
sublimed indigotin are digested for some hours with five times their weight 
of Nordhausen oil of vitriol ; the licjuid is diluted with w^atcr, filtered, and 
brought to the volume of 2 litres.^ A normal nitre solution is made by 

* See Warington’H pxcelleiit j)aj»er, Joum. Chemical Socieiyf Sept. 1879, p, 579 : 
also, Fraukluud b Water AncUysiSf p. 31. 
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dissolving 1-011 grni. of pure potassic nitrate in 1 litre of water. From 
^ this solution, solutions of and normal are j)rcparo(l. An 

assay is now made by mixing, saA' 20 c.e. of the nitre solution w’itli any 
amount of the indigo solution deemed sufiieient, in a wiihMuouthed flask 
of 1.50 e.c. capacity. Oil of vitriol is run into a test-tube, the volume 
Ix'ing equal to the united volumes of the indigo and nit,n'. 'fhe contents 
of the test-tube arc then siukhuily tip]>ed into the flask, and the flask 
tra.nsf(jrred to a chloride of calcium bath maintained at MO" C. If the 
solution of indigo is insuflicient, the liquid will be suddenly (hxjolorised ; 
if it is too much, no bleaching \vill take place, the li({uid still retaining its 
blue colour. Tn either case a fresh determination will be rocpiisite, and by 
doubling or halving the .amount of indigo for the next (;\})(‘rim(int, ns flie 
case may be, the operator will soon find the limits, and five or six experi- 
ments will standardise the solution. Tii every instance a <iuantity of 
suljjhuric acid, equal to the united volumes of indigo and water, must be 
useti ; tlie indigo soluti<»n should be diluted so as to be :ilH)Ut eijnal to the 
nitre solution. As it is found that the (puuitity of indigo consumed is not 
precisely in proportion to the nitric acid ])resent, but diminishes as the 
nitrate solution becomes more dilute, the further sfandardisiiig of the 
indigo solution by the more dilute solutions of nitre already alluded to is 
neecssary. The results may be thrown into a tiddo as follows. (See 
Table LXV.). ^ 


TAllLE LXV. — Vaujk of Indioo, in Nitiwjokn, fou Diffskknt 
STI iKNOrilS OF Nitijk SoLUIlON. 


Strt’iifitlj of 
Nitif Solution 
Used. 

Indipro 

rcQuirod. 

Dlirerencc 
between 
.Amounts 
of Indigo. 

Nitrogen 
(*orre»|»ouding 
to 1 0,0. of 
Indigo. 

Differenre 
between the 
Nitrf>gen 
VulUCH. 

lUtrurenee In 
tliu Nitrogen 
Vjilnes for u 
I*jlfurenee of 1 
e.e. in the 
Amount of 
Indigo. 

normal, . 

c.c. 

10-00 

r.o. 

-0000.3.5000 



ni tt 

S-71 

1 -29 

-00003.5101 

•0000601 01 

•000660125 

n 

<14 i> 

7 *'13 

1-28 

•00003.5.330 

•000000109 

•0000001.32 

A »> 

0-14 

1-29 

•000035027 

•000000298 

•000000231 

tA ,} 

4-86 

1*28 

•000030008 

•0000003S1 

•000000298 

(U 1) • 

3'ri7 

1-29 

•U00030764 

•000000750 

•000000586 

TfV It 

2-29 

] -2S 

•000038209 

•000001 445 

■000001129 

•fth »j ■ 

1-00 

1 -29 

•000043750 

•000005541 

•000001295 


The method of using the table is suffjci'Mitly obvious to those wlio are 
accustomed to calculations of the kind ; supptising, for example, 20 c.c. of 
the water used up 6*64 c.c. of the indigo ; this is *5 c.c. above the nearest 
ber in the table, viz., 6*14. Now, taking the extreme right-hand 
^jpfcimn, the difference for the nitrogen values of 1 c.c. will bo found ; and 
as there is in tin's case a difference of only half that quantify, halving the 
number gives ns 000000! 5 ; this number has to be subtracted from the 
unit value of nitrogen found in the first column, thus : — 

•000035627 - *000000115- *000035512, 

which is the nitrogen-value of each c.c. of the indigo. Hence, as we have 
supposed that 20 c.c. of the water decolorised 6*64 c.c. of indigo, the 
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niiro^ftn as nitric acid in }>!irts per 100,000 is MTO, or in grains per gallon 

grain. If the indigo estimation of nitric acid is only a preliminary 
step to a further and more exact detcrniinati(»n of tin* ('run) method, these 
refinements are not nccessiiry. The indigo solnlion is sLindardised once 
for all hy the normal solution of nitre, and if the nitrates are cither very 
large or very small, an allowance is made. 

(0.) lUsr/f’a MrJhod ftf Aifrir Acid' hi/ Mcaminvy the 

Drfivy'unj of IIijAnxjm evolved on IteAurfion- -Oiui r)f Ulsch’s methods has 
heen alrea<ly detailed. This method is in its principle an indirect one, for 
what is mc'asurod is not the ammonia produced, but the deticiency in the 
evolution of hydrogen. 

A (jiiarter of a litre of water is evaporated down to lb o.c. and, while . 
still h<)(, filtered. The filter is washed with a little boiling water into a 
small measuring flask, the size depending on the amount of nitrate present, 
which can be ap])roximately ascertained by a l>rucine or othei- colour test ; 
no c.c. is the capacity for most waters — viz., tlioso containing under 150 
mgrms, of‘N.,(b, per litre ; larger flasks are used foi* larger (juantities. TIuj 
collective fluid with washings should not be more, for a 50 c.c. fhisk, than 
40 c.c. The flask is cooled to the temperature of the rf>om, and sufficient 
normal sulphurie acid added to make tin* (anitents e(pial to J normal when 
water is added to fill tlu' flask to the mark on the neck. This fluid is the 
‘testing fluid,’ of which 10 c.c. are taken for the estimation of nitric acid. 

Ill a tliin walled flask, a (fig. 7.3) the luilb of which is eipiiil to about^ 30 
C.C., 3 grins, of iron powder (Fernim pulreraiimi) arc placed by means of 
a dry funnel. The flask is c.IosikI by a caoutchouc stopper containing 
tlirei* holes ; one of which carries the twice bent 3 mm. wide tube, //, the 
one end of which goes almost to the bottom of the tlask, the other end is 
connected by moiiiis of a bit of rubber tubing to a short piece of glass 
tubing — the rubber is supplied with a screw clip. The middle hole of the 
caoutchouc sto]) 2 )or carries the funnel, c, whicli is provided Avith a stop- 
cock ; the end of the stern of the funnel is bent slightly, so that tluids 
will mil doAvn the neck of the flask. The third hole carries a right-angled 
tube, connected by narrow rubber tubing, to the gas-nicasiiriug apparatus. 
This consists of a burette,/, divided into tenths of a c.c., the upper end of 
wlii(!b is provided by a H-tulje, e, and the lower end connected by rubber 
tubing to the spherical funnel, y. 

The first ojjeratiuii is to till the whole system with hydrogen, ivater is 
poured into <jy the sto[>cock at e opened, and the funnel raised until the 
whole of / is lilh'd np to the stopcock. Into the funnel, c, are pourel 12 
c.c. of dilute sulphuric acid (33 c.c. strong sulphuric acid to a litre of 
water) and some 10 c.c. of it allowed to flow on to the iron, by opening the 
stopcock ; an evolution of gas commences, and in about two minutes 
oeasos. Before it actually ceases the stopcock, e, is closed, and the clip at 
h. The funnel, g, is lowered as much as possible. Now the rest of the 
acid is allowed to flow into tlie flask, and the funnel washed twice with a 
2 per cent, copper solution, Avhich is also allowed to flow into the flasKyin. 
care being taken not to allow the admittance of air. The flask is now * 
warmed in a beaker of water at 60” C. for two minutes without shaking ; j 
then the fljisk is shaken without interruption for another two minutes; 
after which the flask is cooled as quickly as possible to the temperature of 
the air of the room. The funnel, </, is now raised, and the clip on h 
cautiously opened. The fluid contents of the flask, a, are under the 
pressure of the hydrogen forced thmugh and may be received in a beaker. 
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If the twice right-angled tnbc, h, is properly adjusted, none of the iron 
will escape; the clip is closed while there is still a small column of luiiiul 
. in the tube. After thus emptying the flask, its tempeiuture is adjusted to 
that of the air, and the excess of gas is got rid of by carefully opening the 
stopcock at e; while the water level of/ and q is adjusted to the /iOro point 
of the burette, /. ^ 

The apparatus is now ready for the purisjae of asecrtainiiifr once for 
all how much hydrogen is develo]).^! hy 10 c.c. of J normal sulphuric acid 
acjting on the iron in the (ihaence of nitric acid. 
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From a burette exactly 10 c.c. of the acid are allowed to flow into the 
•^luiel attached to the small flask, (x, while g is lowered to the level of the 
^ble; then the acid is allowed to flow slowly into the flask. From a 
second burette 10 c.c. per cent, copper sulphate are added to the 
funnel and transferred to the flask, always avoiding entrance of air. I’he 
flask is w'armed to 60“ (y., shaken, and finally cooled exactly as detailed 
previously. The amount of gas, on adjusting the water level of g to the 
water level of/, is read, the temperature of the water in g being taken, 
and also the height of the barometer, and the volume of gas reduced to 
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normal tcnipopjituro and pressure — always subtractinyj 20 c.c. from the 
known volunu; of the flask, that being occupied by the 20 c.c. of liquid, 
'rhe flii.sk may now be cm])tiftd as iK'fore, and a second or third detcrniina- o 
tion made, the incsin being taken as the stjindard. 

To estimate nitric iicicl tlio j)r(MjeKS is p?‘ceis(‘ly the siimc, save that 10 
c.c. of the testing fluid arc taken instead of 10 c.c. of -1 normal acid. Tn 
the pi’esenee of nitrates there will be a dcjficicney in hydiogen, from which 
the nitric acid can be calculated — the following reatdions taking phice : — 


‘JKNO., + H.,S04 - luSOj 4- 2X0.11 
2Xnjl + slT. 2N1I.. ^ filkO 
2NH'; + Jr..S 04 - (NJI^SOj 


or S inolecnlcs of hydrogen are n'cpiired for the reduction of one molecule 
of nitric aci<l, besides which, for the deconqKJsition of an equal im)lecuKi of 
nitric acid from its combination with a base, and the combination of the 
ammonia formed with a farther molecule of sulj)lmri(‘ a(ud, 2 molecules of 
hydrogen are rerpiired. A mcdccwlc of saltpetre thmi will in respect of a 
normal hydrogen vohmie show a deficit of 10 moh'eules of h\drogon. A 
deiicit of 1 c.c. of hydrogen will, tlierefore, he equal to ()‘9041G mgrm. 
KN(.)j, or 0’4S;M mgrin. nitric anhydride (NoOr,). 

An e.\am|»leof this method may here be given. 

f>0 C.C. i»f teal fluid (ioiiv<!d fnun a tpiarltM* of a litre uf spiiiig wat«‘r wen* j)Tej»ar<'d 
aceordiiig to the nu'llxtd (J< •.scribed in the le.st. 10 c.c. of the latter yielded as u mean 
of three eatiiimtions (aublraoting the 20 c.e. of fluid in the flask) 20*2 c.c. of hydin 
the barometer being 741 mm. (temp. 18‘'*f)), and the corre.sp()nding tension v ' 
Tliia, reduced as foliow.s;— 


20*2 X (741 - I.') *9) 

(1 +0m‘50xl8*.'))x700 


IS’O.'i c.c. of hydrogen. 


Tlie normal hydrogen volume in llio ab.seucc'of a nitrate was 21 ‘02 c.c. ; the hydrogen ■■ 
defied, is, tberelbrc, 21 *02 - 18*0.^» ^ 8*r»7 c.c. 

;{’f»7 X 0*4883 = 1*725 mgrm. of nitric acid in 50 o.o. of w.i.tcr ; tlierefore (a litre) 
contains 


V7^y xJOOO 
.50 


34*5 rngrras. (NoOj). 


The process is made inaeeurate by tlic presence, of iron or carbonates. The. carbonates 
fif the earths as well as any iron are, however, by ovapmating to a small volume f 
ilescrihed, fully sejiaratod. Should alkaline carbonates bo present a little gypsum im 
be added t«) the waU-r before evaporation. 

.Small quantities of nitrites iiitrodiico no iiiatcrial eiTor ; in the presence of much 
nitrite advantage is taken of the fact that the iron copper cou])le reduces nitrites in the 
cold. The tc.Ht fluid is, thendbre, freed from nitrites by digesting the te.st fluid with 
co]»per solution and iron in the c«»lJ. A correction may also he made by estimating the 
nitrites by one of the colour tests for nitrites already described,^ 

(7.) Kstimalion of the Dist^olved Ou'i/ijen in TWt^r.—The amount of air 
dissolved in water is dependent on temperature and pressure, the {imoun|| 
of oxygen in the air of pure water having a mean value of 34*91 per oenjffl 
The following table gives the absorption coefficient of air in water.; aii^ 
also the amount in c.c. of oxygen that a litre of water will dissolve. T/La 
oxygen, in what may he called the water atmosphere, is diminished by the 

^ Nitrites may also bo estimat’d by Rcciiii’s method, which depends upon the fact 
that if a solution of nitrite is treated with urea, and tliorouglily acidified with siilphnric 
acid and gently heatt^, all the nitrogen of the nitrite is evolved as gas. The acidifica- 
tion must take place in tv vacuum, or. at all events, atmospheric air must be excluded, 
otherwi.se tbe ivaction is not quantitative, somti of the nitrite fiassing into nitrate. 
Nitrites may be also estimated by titration with potossic pennanganate. 
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activity of micro-orgaiiiHms ; hence its detemiination is valuable. It is 
especially useful in the investigation of the jKdlutcd water of a river, par- 
ticularly if determinations of oxygen are made on the spot. On the other 
hand, water sent from a distance to an analyst, and probably one or two 
days on the rojid, cannot have its dissolved oxygen directly determined 
with advantage. The senior writer, in such a case, proceeds as follows: — 
Half a litre of the water is shaken up in a large Wincdiester quart until 
saturated with air ; the dissolved oxygen is determined in half of this — 
that is, J of a litre ; the other -] of the litre is put on one side, a layer of 
xylene having been poured on the surface of the water to exclude air, and 
again titrated for oxygen at the end of forty -eight liours ; the difference 
will linve a direct relation to the organic matter and micro-organisms in 
the water. This method may be called “the differential method of estima- 
ting or.j'gcn in water.” 


TAliLK bXVI. — SiiowiNo tiik Ahsouption Coufficiknt of Aik TbsHoi.vKn tn 

WViKK ANIl TIIK (\c.’s OF OxYrjKN WHICH M.W MS OltrAINKl) FKO.M 1 LlTKK 
OF WaI’I'-U (after JiUNSKN).^ 


Temp. C*. 

Alis<irptlMii Ciieiftcieiit. of 
Air OisB 1 v«mI in Water 
(e.e. of Air disHoIvcd in 

1 e.o. ol W ater). 

Tilt* Number of e.e. of 
OvyKe.ii whieli 1 idtre of 
Water will dlHHolve. 

0 

0-02171 

8-03 

1 

0-02100 

8-34 

2 

0-02310 

8-19 

3 

0-02287 

7 -98 

4 

0*02237 

7 '80 

r . 

0-02179 

7 *00 

1 ^ 

0*02128 

7-13 

7 

0*02080 

7-20 

8 

0-02031 

7-10 

9 

0-01992 

0-90 

10 

0-01903 

0-81 

11 

0-01910 

0-09 

12 

0-01882 

6-07 

13 

0-01801 

0-40 

14 

0-01822 

0-30 

ir > 

0-01790 

6-20 

10 

0-01771 

0-18 

17 

0 - 01 70 u 

0-11 

18 

0-01732 

6-00 

19 

0-01717 

0-99 

20 

0-01704 

0-90 


Prciisse and Tieraann have arranged a convenient apparatus, by means 
of which the dissolved air is boiled out of water into soda lye, which has 
been completely deprived of its gases by boiling. The oxygen in the collected 
gj^ is determined either by exploding with hydrogen or by absorbing it 
yifuh alkaline pyrogallate. 

I Scliutzoiiberger and Risler cause the dissolved oxygen to act on sodium 
I ' Gasomett iscJic MethodUn, 2nd Edit., p. 887. 

' Ai-- i. 1 I 


the amount of «xyg<!n dissolved in water ; liis numbers closely correspond to those of 
Bunsen^s for temperatures 10“ to 20“ C., but are more than 1 c.c. hi 


Winkler has also published values for 
' y correspond to those of 
iiigher for lower tempera- 


tures. 
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indigo-whitc-disiilphonate in excess, and change a portion into sodium 
indigo-bliie-disulphonato, tiius — 

(J,„] I ,oN,0,(SO.,Na), + 0.,= C,„UHN, 0 .iS 03 Na\, + H,0. 

The salt is changed hack again by a titrated solution of sodium hydro- 
sulphit<‘, ac(iording to the equation — 

(J,„ll«NA.(«0,Na), + H,- 

the end of the reaction being sharply indicated by tlie change of colour 
from blue to ytjllow. 

Hoth the ab()V(‘ processes and their various modificaticms demand more 
or less coin])licated ajiparatus, and are not adapted for estimations on the 
banks of streams or anywhere else, saA'e in a laboratory ; the writers, there- 
fore, j)refer a modifi(!ation of Winkler’s mcthcKl ; it has great acenmey, and 
may bo performed almost anywhere. 

The essential fact on which Winkler’s method is based is that manganese 
hydrate absorbs oxygon ; a third hydroxyl being add(Hl in the presence of 
oxygen and water to the two hydroxyls in manganese hydrate — that is to 
say, Mn(()H )2 become Mn(OlI).,. Tins last hydrate, by excess of IICI, is 
transformed into manganese trichloride, two molecules of which react wdth 
two molecules of potassium io<lide, setting free two atoms of iodine; so 
that for every 16 j)arts of oxygen 254 parts of iodine are set free; the 
iodine s<*t free is, therefore, titrated and converted by calculation into 
oxjrgon. I’ho ec| nations sotting forth the general reactions ai^ us 
follows : — 

2MnCl.j + 4NaMO =r 4Na01 + 2 Mi.(OH )2 
2Mu(On).. 4- 0 + H.,0 = 2Mii(01T), 

2MihOH) 3 4 GirCl = 2Mu(;ia j’- Cll.p 
2MnCia 4 2KI 2 MtiG1o 4- 2KC1 4- 2l 

'Phe following^ solutions are required : — 

(1.) 10 grnis. potassium iodide dissolved in 100 grins, of 33 per cent, 
pure sida solution. 

(2'.) Solution of tSO per cent, manganous chloride (free from iron).^ 

(3 ) Hydrochloric acid (specific gravity 1*16 to 1‘18). 

(4.) Starch solution. 

(5.) Solution of thiosulj)hatc — the iodine value of which is known ; each 
c.c. should be equivalent to a centinormal iodine solution — that 
is to say, 0*000127 L* 

The temperature of the water and the height of the barometer being 
first ascertained, 250 c.c. of the water are covered with xylene to the depth of 
an inch, and 1 c.c. of the alkaline iodide solution is allowed to flow in 
through a pipette, the end of the pipette being held below the xylene ; next 
1 c.c. of the manganous chloride solution is allowed to flow in. The 
mixture is stirred with a glass rod until the contents are completely mixed 
and the flask put on one side for a little time. Then 3 to 6 c.c. of hycK’-ii;^ 
chloric acid are added ; the precipitate dissolves, and the iodine is set free; I 
this is titrated by the thiosulphate, using as an indicator starch. If the 
thiosulphate is equal to centinormal iodine solution, each c.c. equals I 
0*0000798 gim. oxygen, or 0*0558325 c.c. oxygen; if the c.cs. of water 

1 Thp solution may be freed from iron by boiling and precipitating with soda ; the 
tiltratc is acidiiied w'ith IICI, evaporated to a syrup, and then crystallised. 
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used == V, tlie o.c. of tbiosiilpliato = then the content of ox 3 "gon in a 
litre of water is obtained by the following calculation : — 

0-055825 n x 1000 
V 


The number thus obtiiined must, of course, be reduced to standard 
pressure and tenipcu-ature. A reference to the table on p. 533 will show 
whether (at tlie teniperature of the experiment) the water is below the 
standard or not. 

A correction is usually necessary for most waters, especially those that 
contain nitrates, organic matter, and other impurities. F'or this purpose 
1 c.c. of tlie manganous (diloihle solution is mixed with half a litre of 
distilled water, alkaliscd with 1 c.c. of a 33 percent, solution, shaken, and 
the brown precipitate collected on a smtill filter. Tlio precipitate is dis- 
solved in hydrochloric acid, and the solution diluted to half a litre. Two 
separate portions (each 100 c.c.) of this solution arc taken, and mixed, 
the one with 100 c.c. of distilled water, the other with the water to be 
tested. Aft(jr a few minutes, a few crystals of potassium iodide are added 
to both mixtures, and the iodine separated from each estimated by titration. 
The difierence of the values equals the amount to be, added. In waters 
of this kind the titration of oxygen is best done by adding the man- 
ganese chloride solution and simply 33 per cent, soda lye, the potassium 
iodide being finally added in crystals ; the following is an example : — 

2.^*0 c.c. of the waO’i' of the river Exe just below Exeter, at 15* C. and 700 mm., 
treated in^l e rnetliod stated, sot free iodine equal to 12 c.c. <»f centinornud Ihiosulphatr). 

The collection was obtained by mixing 100 c.c. of the mangiuious dioliloride solution 
with lOO c.f*. nf <listille<l water, and by treating 100 c.c. of tin* rivei water in the same 
way, ailding b» each ]Mit,is,sium iwlide, and titrating the iodine S(‘l free. The distilled 
water gave 7 c.c., the river water 4 c.c. ; the dilferenco is, therefore, 3 c.#\ Honeo, 
the content of oxygen at 15* 0. of a litre of Exo wat<*r is 

(12 + 3) X 0-0.55825 x 1000 „3.^r. ^ q 
250 


For most practical purposes it is not necessary to reduce the c.c. of oxygen thus 
found to normal temjierature and j)resBure ; hence, in such a ease as the above, it would 
suffice to report tliat the water contained 3 '35 c.c. oxygen at 1.5“ C., or about half the 
normal quantity. 

Rideal and Stewart * have recently projiDSix] to destroy nitrites and organic matter 
by adding enough-^ acid jicriiiangauatAj to the water to give a faint pink colour after 

standing 10 minn+os. ‘1 c.c. more than the right amount of permanganate ascertained 
by expeiiinent is introduced into the bottle together with 1 c.c. of strong HjjS 04 ; the 
water is llicii added, and the excess of })ermanganatc removed by adding 4 c.c. of a 2 
per cent, solution of iieutml jiotassium oxalate ; tlie estimation is then made in the 
ordinary way. A larger proportion of soda is requiifd to lialance the sulphuric acid 
added. 

Ramsay and Homfray® have devised the following process;— The water (in a tube) 
is introduced intt^ a special form of colorimeter,® contact with the air being prevented by 
layer of paraffin oil. The comparison tube is filled with water saturatini with oxygen 
known t4*m|jeraturo. Roth tubes are treat,ed with the same quantity of cuprous 
Tnloride dissolved in HUl just Iwfoi’e use; an excess of ammonia is then added. After 
^ short time the colours are compared and the usual calculations made. 

(8.) Sulphates . — Any convenient (puintity of the water, carefully meaa- 

* Analyst f June, 1901. ® J. AV. C/iam. Itul., 1901, 20. 

. * This colorimeter can be obtained from Messrs. Townson and Mej-cer, Bishopsgate 
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ured, iH acidified with hydrochloric acid, and heated nearly to boiling; 
w’hilo hot, Kome solution of chloride of barium is added, so as to be in 
slight (jxcess, and the solntion kept near the boiling point for some time. 
The sulphate of barium is allowed to settle, collected on a filter, dried, 
ignited, and weighed : one part of baric sulphate equals * 13433b of sul- 
phuric acid. 

An cstim/ition of sulphates in water can also be made on colorimetric 
principles. To 100 c.c. of water, barium chloride is added in slight 
excess and then the water is acidified by hydrochloric acid, the turbidity 
jirodncu'd is now imitated by a dilute solution of sodic sulphate tested 
with the same reag(‘nts. It is best to observe the turbidity by looking 
through tli(' colorinu‘ter at a I dark porcelain plate. 

(9.) Thr. F()rr1i(iinni(>r, Ojriffjm or Fvnoawjanaie Vrorrma . — The principle 
of this j)rocess is the abstraction of oxygen by the organic elements of the 
water, and the (‘stiination of the oxygen thus abstracted. '395 grm. of 
potassic pennanganale is dissolved in a litre of water, which gives a 
solution containing 1 ingrm. in every 10 cc, or, if working in grains and 
septems, 2 grains of permanganate in 1,000 septeuis of water, equalling 
*01 grain of available oxygcai in 20 septems. 'Phis is the standard 
solution. 

The determination is now usually made, as recommended by the 
Society of Analysts, in two stages, on tw’o equal quantities of water, viz. — 

(1) The amount of oxygen absorbed in fifteen minutes, and commonly 
due to nitrites, or, at all events, substances very readily oxidisable and, 

(2) the amount of oxygen absorbed in four hours. 'I'he time for this last 
determination used to be given as throe hours, but the four-hours’ period 
is preferable ; and even then it is easy of pro(>f that, if the water be 
al1ow(;d to stand, there still remain matters capable of being oxidised. 
The temperature is an imjxa’tant factor, for numerous experiments liave 
shown that the amount of oxygen consumed varies greatly at dilfcrcnt 
temperatures. The Analysts^ Society have adopted 2G‘’*6 C. (80“ Fahr.), 
and in order to ensure uniformity this temperature is here recommended. 
It is, however, probable that better and more uniform results would be 
attained h^’^ boiling the water and ])ermanganate for an hour. In some 
interesting experiments by Messrs. Wigner and Harland,^ river water, to 
which a known quantity of pure sugar liad been added, was found to have 
absorbed more oxygen at the end of two hours, at 37“’7 C. (100“ Fahr.), 
than during six houi-s at 15“ *5 0. (G0“ Fahr.), and almost as much as 
during six hours at 2G“*6 C. (80“ Fahr.). Similarly, river water con- 
taminated by a known quantity of urine used up equal (luantities of 
oxygen when acted upon by permanganate for six liours at 2G“'6 C. (80" 
Fahr.), as it did when the process xvas accomplished in two hours at 
37“ *7 C. (100“ Fahr.). The actual operation is as follows: — 

Two stoppered flasks are taken, and a (piartej* of a litre of the water 
put in eacJi [or 3,500 grain.s]. The bottles, with their contents, are 
immersed in an air-bath until the temperature rises to 26“ *6 0. (80* Fe^jn).. 
then 10 c.c. [or 100 grains] of dilute sulphuric acid [1 : 3] are added, alfe 
the same cpiaiitity of the standard permanganate. One of the bottles iff 
taken out at the end of a quarter of an hour, and two or three drops of 
potassium iodide sohitioii added to remove the pink colour. After thorough 
admixture, there is run into it from a burette a solution of sodium bypo- 

* “Oil the Action of Permangaiittle on Putablo Waiei« at Different Temperatures.” 
Analyst. March. 1881. p. 39. 
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sulphite, until tlio yollow rolour is nctirly deslroycd; then si few drops of 
stsmih Ai’sitor are ad<led, ssnd the hyposulpliito added until the hlue colour 
is just discharged. Tlic vsiliio of the sodiiiiii hyposulphite must he deter- 
mined by titrsitiiig in si similsir manner 10 c.c. of the stsindard permsiiiganato 
in distilled water. At the end of huir hours the other bottle is removed 
and titrsited in exactly tlie ssime way. SIiouM tlie piidi colour diminish 
very rapidly during the four hours, .-mother measured qusiutity of t)erman- 
ganate must bo added. 

If A be takc'u to express th(! amount of hyposulphite used for a blank 
experiment with ])uro distilled water, I> the water under examination, and 
a the amount «jf available oxygen in the quantity of permanganate 
originally added : then, the oxygen eousuiiK^d by the quantity of wab'i* 
openited on would be 

A 


or, in ac.tnal figures, 10 c.c. of a permanganate solution, eijuivalcnt t«> 
1 mgrm. c>f oxygoi*, were a<ldi'd to a (piarter of a litre of <listilled water, and 
to the same (piantity of a- sample under analysis. 'I'lie distilled water 
useii 40 e.e. of hy]iosul]»hite, the water lb c.c. at the (aid of four hours. 
Then the oxygen consumed by the (juarter litre was 020 mgrm., according 
to the equation 




40-15x14) 
' 10 


0025 


mgrm. 


or ]»er litre, 2*5 mgrm. [175 grain per gallon]. 

lllair [uefors to use the oxygc'ii proc('ss at 100" (t, and has published 
an elaborate scrii's of exjieriments proving that [lermanganate and sulphuric 
acid in the abseime of organic matter or reducing agents cart ho boiled 
fur two hours without (jhango ; a serious ohjeetioii is tliat a boiling 
])ermangaiiato of potash solution will dcconqKise chlorides, setting chlorine 
free, thus — 

K.,Mn., 0 ^ -I- 8U0SO4 + lONjiCn ^ K.,S 04 + 2M11SO4 
-Hr»NjLjS 04 + 8 II 2 O -f- r> 0 ) 2 ; 

hut with w'atcrs containing up to 8 grains of chlorine per gallon, it appears 
that this rt'aclion has absolutely no eflect; with larger quantities of 
chlorine, a control may be run containing an equal amount of chlorine in 
the form of common salt. A great nuinlier of organic substances, when 
aeated witii porinaiiganato at 100" C., absorb the (piantity of oxygon 
theoretically necessary to convert the carbon into carbon dioxide, and the 
lydrogeii into water ; 100 mgrms. of cane sugar hi bw'o hours absorbed 
111*2 mgrms. O, as against 111*9; stryc-hniue, brucine, morphine, all 
^av© the theoretical amounts ; bub starch came out low, i.e., 80*4 instead 
)f 118*5. The writers consider that with regard to onlinary waters the 
jxvgen process at 100® C. is by far the most reliable, and have, for many 
f^rs, used it exclusively. We are also able to confirm Kruss, that the 
itrength of a permanganate solution may be estimated by the spectroscope 
by the use of the divided slit (see p. 62) ; those who have the necessary 
appliances may make use of this method in preference to titration. 

The German chemists generally estimate oxygen consumed at 100® C., 
but only boil for ten minutes. The method of Kubel is the oxidation by 
i centinormal solution of permanganate in ten minutes in acid solution : 
that of Schulze is, first, oxidation by alkaline permanganate; then the 
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solution is acidified by suljilmric acid and again boiled ; in each case 
the boiling is hir ten minutes. Probably the method of Schul/e is the 
better of the two. Jn eitlier case the oxygen consiiined (or, in other 
words, the permanganate used) is cstuiiatcd by oxalic acid as follows : — 

The pei’inanganate strength is first ascertained by ecntinormal oxalic 
acid. 1’he water which has been boiled with permanganate has its colour 
dis(;harged by means of centinormal oxalic acid added in known volume 
and in slight excess, and then the solution of ^lennang-mate is dropped in 
until a weak red colour is permanent. The calculation is obvious, but it 
may be useful to give an example. 

A centinoruial solution of permanganate exactly eipiivalent to a centi- 
riormal solution of oxalic acid was used, and 1.^ c.c. of such a solution 
ad<led to 100 c.c. of water ; after boiling for ten minutes and then cooling, 
10 c.e. of the oxalic aei<i solution were rim in; and tbeii to the colourless 
fluid it was found that 5 c.c. of the poriUMUgunab*. solution was necessary 
to just, redden the colourless liijiiid. In all, tlie solution coulaiued, there- 
fore, 20 e.c. of piM’iuangaiiato, of which 5 have been used ; 1 c.v. of 
ecntinormal pobassie ponuanganatc is of]ual to 0*08 mgrm. of oxygen : 
hence the 100 c.c. used 0*4 mgrm. of oxygen, eipii valent to 4 parts per 
million. 

Thv Oxyum Applied to the Indirect Kdivmtio7i of Volatile 

Orffauic Matter . — Preiisso and Tiemaim ’ havi' submitted various waters 
to distillation, and have estimated the amount of oxygen cousumiKl in- the 
distillate. They Iiavo come to the conclusion that the products of putre- 
faction may be, in this way, detected, and that the process is a *aluablo 
aid to the judgment of drinking waters. Those waters which are good, 
reducing but small quantities of permanganate ; those that are impure, 
large quantities 

An example of one of their experiments may he given. Half a litre of 
water derived from tlie Panke, a dirty brook running through the north- 
west of Jierlin, was distilled, 400 c.c. of distillate being collected in four 
successive fractious and boiled, after Kubers method, ten minutes as 
before described. Half a litre was first distilled from the neutral water ; 
another lialf litre was acidified ; a thiid was ulkalised. In all three cases 
volatile organic matter was present. 


lIlKnus. of OAypfii conBunifi] by imi c.c. 
of Jiiutillate from 



(a) Nuiitnil 

(//) Acid 

1 (r) Alkalihotl 


VVhUji-. 

U aUr. 

WttRT. 

1 

1-28 

I'M 

1 ro8 

2 

o*6r> 1 

O'On 

1 0-48 

M 

I 0-3» j 

0'4ri 

; 0-27 

4 

i 

0-i7 

1 

O'iO 

0'2(; 

i 


(10.) Anw/onia, Free and AUmunuoid . — Tlie estimation of ammonij 
doficuds on the principle that it admits of ready distillation w4ien i 
exists in the water as ammonia, provided that the water is alkaline 
Since, tliercfore, nearly every natural water is alkaline, distillation o 

' Tienianii-Gurtuer’s Ilandbueh der UrUcrsuchung u. Beurtheilung der Wnatei 
Brauuuchweig, 1895. 
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water is alone Biitiicieni to expel the atninonia. If a water, by testing 
with cochineal, is found to be acid, then it will be necessary to add a 
little recently ignited carbonate of soda (or, perhaps better, a little 
recently burnt magnesia), until an alkaline reaction is obtained. The 
ap]mratus required for the estimation of free and albuminoid am- 
monia, is — 

(i.) A good largo stoppered retort, titting into a full-sized Liebig’s 
(!ondenser, through which a constant stream of water is 
running. 

(2.) Measuring- Masks, either in septems or litres. 

(.*L) (-ylindcrs rna<le of clear glass, “ Nes.sler cylinders,” or a 
colorimeter. 

(4.) One or two pipettes. 

(5.) Kessler reagent (se/i Aitpandix). 

(0.) Standard solutions of ammonium chloride {see Appendix). 

(7.) Solution of alkaline permanganate {see Appendix). 

Tlie water is first tested with a little of the Nessler reagent ; if it 
shows any decided colour it may be iieecssjiry to distil a very small 
portion, say a quarter of a litre, diluted with a sufficient quantity of pure, 
ammonia-free water. But if, on the other hand, than) is no colour, or a 
doubtful one, a litre of the water should be distilled, or a fifth of a gallon. 
On !listil!*ition, 100 c.c., or 1,400 grains, are collected in one of the glass 
cylinders, nnd 5 c.c., or onc-twentioth of its volume, of clear stniw-colourcd 
Nesslei* solution added. If there is any ammonia the distillate thus 
tested will be tinted or coloured, the colour varying from a very pal (3 straw' 
up to a dark amber. If the colour should be very deep, it is impossible to 
estimate the ammonia with oven an approach to Jiccuracy, unless* the dark 
solution is very much diluted and made up to a definite volume, of which 
definite fractiomil parts ar^ taken. The next stop is to estimate the 
ammonia by imitating the colour. This is done by running into some 
distilled water one, two, or more cubic centimetres of the standard 
ammonium chloride solution, and adding exactly the same amount of 
Nessler solution as had been added to the distillate. The solution is now 
made up to precisely the same bulk as the distillate, and the liquids, thus 
in equal columns, cornjiared by looking down through them on to a glass 
plate or white porcelain tile or slab. 

Accurate estimations may be made by the special colorimeters described 
on pp. 60-62, but the accuracy greatly depends upon the practice of the 
observer, and the sensitiveness of his eye for differences of colour. There 
are many persons who, from some physical pcijuliarity of sight, can only 
distinguish a few shades, and oven wdth the greatest care can make no 
very accurate colorimetric observation. 

By graduated Nessler glasses, having taps nea'* the bottom in order 
to^un off a pf^rtion, as well as by colorimeters, such as Mill’s and other 
Juke contrivances, “Nesslerising” is much expedited and facilitated. 

Hetuniing to the actual estimation of free ammonia, the water must be 
distilled in successive fractions, until no more free ammonia is detected in 
the distillate. This occurs generally when 150 c.c. or 200 c.c. (that is, 
one-fifth of the entire quantity) of the water taken has come over, then 
the water is ammonia-free. The next step is to estimate in the same 
water the albuminoid ammonia. 

Albuminoid Ammonia. — When Mr, Wanklyn first published the 
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filbuiliiiioid proooHs it waw very gon(3i’ally juioptL^l, .‘ukI it may bu coiisidon'd 
as yielding quickly (;<irtain data* ashisting in tlio linal verdict of an analyst. 
To the water left in the retort from the estimation of free ammonia about 
OMO-tonth of its original volume of the alkaline permangnnate (see 
Ai>}nmfU,r) is added; the water is again distilled; successive fractions 
of the distillate are tested with Nessler, and the ammonia therein con- 
tjiined determined in the same way as in the free ammonia estimation. 
Here the analyst may o(;easionally have dilticulty, from the circumstance 
that the alkaline! permanganate sets free certain compound ammonias, 
which strike a tint with the Nessler re-agent entirely different from that 
given by pure ammonia. In certain cases it may, indeed, be necessary to 
estimate the ammonia by titrating with a feeble and very dilute acid. 
The free ammonia is usually returned as ammonia ; the albuminoid should 
properly be returned as nitrogen an oUmminoul antoirmta.” It is scarcely 
necessary to remind the o])crator that ;ill retorts, condensers, etc., used for 
these estimations must be ammonia free, and that ammonia from any 
analytical o])cration must not be allowed io contaminate the laboratory 
atmosphere. The most ready way to render it certain that there is no 
ammonia in the condenser is to acidify a little >\ater with sulphuric acid, 
and then distil until the distillate is ammonia-free. 

Estimation in Water of Ptoleid A}nwonia. — L. W. Winkler has 
pro|K)sed a new method of estimation <>f proteid animonia, and has 
suggested that this method may be used advantageously as a substtiiute 
for the ordinary albuminoid ammonia process. It is, however, obvious 
that it may also be used as an addition to the albuminoid prooeks, any 
want of fair agreement between the albuminoid ammonia and the ])roteid 
ammonia as estimated by AVinkler’s process sometimes giving valuable 
insight into the natun* of the nitrogenous substance present ; urea, for. 
cxjimple, yields more tluin ten times ; hippuric acid abont double, and uric 
acid more than double, the weight of ainmoniji by Winkler's jm)cess than 
can be obtfiiued by distillation with permanganate. The process is simply 
this : — JVoteid substances in solution are more or less oxidised to ammonia 
by persulphate of ])otash slightly acidulated with sulphuric acid and 
submitted to a heat of 100" C. for a quarter of an Imiir. 

1'hc fidlowing table gives the amount of ammonia obtained by AVinkler, 
using his ])roce8S as compared with the ammonia evolved by alkaline 
permanganate from various nitrogenous substances : — 



ProtcHl 

.Mbumiiioiil 

Ammonia 


Ammonia 

.\mmouiii 

calcnlated 


IHjr cent. 

per cent. 

jier cent. 

Urea 

L»7 0 

2-2 

.sr>-ti7 

Hippuric acid, 

7-4 

3 1 

9 -45 

Une acid, 

lOG 

4-3 

40-17 

Theiiie 

IS -2 i 


2«>'29 

Leucine, . . . j 

i 10-2 ! 

! 11-3 

12-98 

Tyrosine, 

7-9 

i 8-0 

10-30 

Asparaginic acid, . 

11-2 1 

1 11-8 

12 81 

Gelatine (18 ’.‘t p.c. JS’), . 

91 1 

8-2 

22-23 

Alhunien, 

7*1 ; 

(>•7 

19-OG 


In esmh case 10 mgrms. of the substance were dissolved in 1 litre of 
water. 
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The following arc the deiailti of the process : — 

Sijlntions nuiidred — 

(1.) Pot(Viii!c Prrsaf pliaf.f* Stthtfion. — 1 ^riii. of commercial j)ersiilph!iie 
is dissolved in 100 c.c- of water. Since the commercial persiil]>hatc is 
mostly contaminated with ammonia it is purified as follows: 15 grins, of 
potassic persulphate, finely powdered, are dissolved in 100 grms. of warm 
water (50-60° C.) and IT) grm. of potash added. 'I’he solution is filtered 
through a small wad of asheslos and allowed to si and for a few' hours in a 
cold place. Pure crystals separate out ; these are collected on a glass 
filter and dried in the air at ordinary temperatures. The solution rapidly 
changes, so that only small <ptantitios are prepared at a time. The freshly 
prepared pure s(*lution gives no turbidity with barium chloride and its 
reaction is neutral. A slight turbidity with barium chloride may, 
however, he neglected. 

(2.) Approximately one fifth normal sulphuric, acid. It is sullicient to 
dilute 6 c.c. of pure concentrated acid up to a litre with w’ater. 

The ammonia is not distilled off, but estimated by a. colorimetric method 
with the same water, for which purpose the following stilutions are requirefl 

(3.) AmmoniiUfi rhlondt- mlution^ 315 mgrms. to the litre. 1 c.c. ~ 0*1 
mgrm. NIl.j. 

(4.) iVcss/c/'’.s‘ — This must not b(! prepared witlv mercuric 

chlf^’ide, but with mercuric iodide, the projmrtiuns being as follows: — 


Mercuric iodulc, 
potassic iodide, 
Sodium hydroxide, . 
Distillod water, 


10 grms, 
5 grms. 
20 gnus. 
100 C.c. 


TJie mercuric iodide is ruhbed to a powder iu a small [)orcel.5.in mortar 
witli some water wasluMl into a flask and the potassic iodide added. The 
soda is dissolved in tlic rest of the w'ater and only added wlieii (pate cold. 
This solution must he kept in the dark. Jt must not he used for some 
days, 111 order that the excess of mercuric iodide may crystallise out and 
the lupiid become clear. When pro]»erly made the liquid is pale yellow, 
caustic, quite clear, and of sp. gr. 1*28. 

(5.) SoJidio 7 i of p(jtas,stu}n grms. of the stilt arc 

dissohed in 100 c.c. of warm wate.r, filtered, 5 e.e. of A'essler sedution 
added, and kept in the dark. This solution is also allowed to stand a few 
days Vie fore use. 

V’or the estimation of ammouia equal parts of the tartrate and of tlie 
Nessler solution are mixed. 

The process itself as a))j>lied to drinking water is as follows : — 100 c.c. 
of the water are placed in a suitalilc flask, 5 c e. of the sulphuric acid and 
5 c.c. of the persulphate solution added. Slioiild the fluid not react acid, 
5 c.c. more of sulphuric acid are added. The flask is now' sunk in tlie 
»^ter bath and heated at 100° O. for a quarter of an hour. At the end of 
that time it is removed from tlie bath, put in a glass cylinder, the mixed 
Nessler solution added (5 c.c.), and a comparison made with a second 100 
c.c. of the same water by lidding to it in the cold the same quantities of 
acid persulphate and mixed Nessler solution, — the colour being equalised 
by dropping from a burette a sufficiency of the chloride of ammonium 
solution into this last which, if any proteid ammonia exists in the water at 
all, will naturally be of a less deep colour than the water which has been 
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heatorl with the ])ei‘siilphate. The amoiitit of anmioniiim eliloride solution 
addtjd j^ivos the necessary data from whicli to calculate the protcid 
ammonia. 

Tlie pro(!ess is not easy of application to dirty waters, to sewage or to 
any coloured ii(]iiid ; but it is suitable for ordinary potable and for polluted 
waters without turbidity or marked colour. 

The very best spring waters yield no proteid ammonia; polluted waters 
yield from *1 to more than *7 mgrm. per litre. 

(1 1.) Uanbh ss. — A. lio/ora lioilimj . — In a corked or stop[)ercd bottle 
1000 grains, or 100 o.c., of the waUu- to be tested are placed. The 
standard soap solution (sec ApiKuuUjr) is riiu in, 10 grains, or 1 c.c., at a 
lime, and after eacli addition the cork or stopj^er is re[daced, and the 
bottle shaken violently, and observed as to Avliether a permanent lather 
forms or not. If not, then another measured quantity is run in, and so on 
until the desired ellect is produced. Waters contMining but little magnesia 
give a good lather, and the reaction is fairly sharp. With magnesian 
waters the reaction is slow, and not so easy to observe. When a lather 
has been obkiincd, it is well to repeat the ex])erimeut, and in this second 
assay to run in within half a division the whole of the amount of soap 
solution thought to be necessary ; then a further portion of the soap 
solution is run in very gradually in tenths of a c.c., or sitigle grains, until 
the lathiT is permanent. The hardness is expressed in degrees. However, 
when the hurdncss is more than 16”, it is not possible to estimate it ii/this 
way with accuracy, and the water under examination must be, diluted 
with distilled whaler to double its bulk, and then the same quantity as 
above recoin mended taken for the estimation : in this case the number of 
degrees found must, of course, bo multiplied by 2. 

B. Haf'dneitH after th)ilin(j . — A quantity c)f water, precisely the same 
in bulk as in the former experiment, is boiled bi'iskly for half-an-hour, 
filtered, cooled, and made up to the original bulk with distilled water; and 
treated with soap soinlion, exactly in the same w'ay as in the previous case. 

.\ dilfereut mctliod of determining hardness has been proposed by 
Hehnor Alay, 1883). 20 c.c. of normal sulphuric acid are made 

u]) to 1000 C.C., and a solution of sodic carbonate (1*06 : 1000) is prepared, 
an equal volume of which exactly neutralises the acid. 1 c.c. of the acid 
neutralises 10 mgrms. of calcic carl>onate. 100 c.c. of the water are tinted 
with cochineal, phonacctoline, or methylorange, and titrated in the usual 
way with the acid. Each c.c. used indicates one degree of temporary 
hardness. To another 100 c.c. a measured quantity of the sodic carbonate 
solution is added, more than enough to decompose the whole of the soluble 
lime and magnesian salts. The mixed solutions arc evaporated in a 
platinum vessel to dryness. The residue is extracted with a little hot 
water, Hltere<l aiul titrated hot with the standard acid. The alkali added, 
minuH the acid used, indicates the permanent hardness as (’aCOg. . 

(12.) AlhaHnitif . — The alkalinity of water is best taken by using 
an indicjitor an alcoholic solution of cochineal, which is not affected by 
carbonic acid, and strikes a beautiful crimson purple colour with a trace 
of alkali, a rwidish yellow with acids. 100 c.c. or more are placed in a 
tall cylinder of colourless glass, and a decinorinal hydrochloric acid is run 
in, drop by drop, from a Imrette until the colour changes to a yellowish 
hue. The result is expressed in terms of carbonate of lime, each c.c. of , 
decinorinal acid equalling 5 mgrms. of carbonate of lime. ^ 

(13.) Organic Analysis of Water: Estimation of Organic Carbon and 
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Nitrogeu. — (1.) Carhon. — 1'lierc are four main ways in which the carbon 
in a water residue is estimated— (1.) as j>;as; (2.) jjjravimctrically ; (3.) 
nephelometriciJly ; (4.) indirect methods. 

(L) Carhtm as gaa. — The first method (which consists in burnin<? up 
the carbon into carbon dioxide, and estimating both it and the nitrogen in 
a suitable gas-apparatus) we owe to Dr. Krankland, wlio proposed and 
practised it as early as 1867. 

FraMmiiVu Comhn<tuni Procean . — A (piantity of water, varying from 
100 c.c. to a litre, according to tlui amount i)f impurity suspected from 
other determinations [especially of the free anunoniaj is evaporated to 
dryness with special prccjiutions. 

TIhjh'" juoctuil.ioMs aro mainly two — (1.) The |»ron^otioii of iJic samplo from dust during 
the. (‘Vajio.ating ]atnH‘ss, and (2.) the ih‘slrui*lion of carhonati'H, nilratc's, and nitrites, 
wliieli, it is siiaroely neijossary to say. wouhl greatly inkirft*re- with tlio n“sulls, ami indeed 
render them valueless. Small (juanlilies of water, such as sewage and llio like, can be 
evapoialed under any improAise<l co\er, hut for larger quantities Frankland recom- 
moiKh'd a self-filling circular water-hath, on the top <4 wliich rests a Ihiugetl copjier 
capsule, serving as sujqiort to a thin glass dish, in whieli the eva])oration ol the water 
takes place. Tlie dish is })roketod from dust by being coveied by a hdl glass sliade, 
such as is used for statuettes. The hulk of the water for evaporation is contained in a 
flask, to the neck of wliicli is a ground glass tube bent approjiriately. The flask, when 
filled Mith the whaler and conne(!ted with tiiis tube, is by a quick moveineiit inverted, so 
that the, end of the tube rests on the glass disli. A little above the end of the tube ilioro 
is a sliort side tube bent at right angles, of smaller diameter than tiio tube itself , the 
eire<^ of which is that directly the water in the dish falls Inflow the little angle of this 
tube, air ! .ibbles up into the flask, ami more water runs into the dish. In this way the 
evaporating dish is ke])t at a constant level until tlic whole of the water is used up. 
The stelf’>i eondriisris on tlie inside of the glass sliade, and collects in the. C()])]»er ca|)sule, 
undemealh the glass dish, and is finally conducted away by a piece o) tape which iiasses 
over the e(ij>per lip of the bath. The evaporation of a litre of water takes about twenty- 
six lioui>-, but with ]>ro]R*r arrangements it is contiiiuoiiH, and wlien once started requires 
no supervision. Tlie evaporating time is really a small matter, for the •inalyst can 
begin it one morning, and it will be ready the next. Before the water is submitted to 
evaporation it is boiled briskly with 20 c.c. of 8ul])luirous acid ; or if previous estimatioiis 
have shown that there is a larger quantity of nitrogen as nitrates and nitrites ttian *5 |»er 
100,000, a larger amount of suljihurous acid must be added. To ensure the destruction 
of nitratoR, a droji of ferrous chionde is added to the fii-st dishful of water. Lastly, in 
dealing with waters diflicient in caiboiiak^s (in which case tlic Kiil]>hurous acid, when 
oxidised to suljflmric, might not offer suflhflent base for combination, and therefore there 
miglit be some destruction of the organic matter), 1 or c.c. of a saturated solution of 
hydrio sodic sulphite arc added, which will give any sulphuric acid, otherwise free, 
sufficient base for combination. 

When the evaporation is oomplete, the next stop is to remove the 
residue from the dish and bum it up iii a vacuum with oxide of copper. 
To avoid this removal. Dr. Dupr6 has proposed and used a collapsible 
diver dish : the water m this dish is evaporated down in the usual way, 
ind then the dish can be rolled up and thriibt into a combustion tube. If 
jhe analyst docs not use the silver dish, the residue must be removed by 
the aid of a flexible spatula, and, mixed with copper oxide. The combustion 
tube, 18 inches long and of rather narrow bore, is cleansed and dried, and 
t^ff^ged by the aid of a small metallic scoop, first with a little coarse oxide, 
ifter which the residue is mixed with oxide ; lastly some mcjre oxide is 
added, and in front of this is placed a roll of copper gauze which has first 
been oxidised in air and then reduced in hydrogen. 

The usual precautions in filling a combustion tube for organic analysis 
we, of course, to bo 8tri< tly observed. The tube is now placed in a 
combustion fumape, exhausted of all air by a Sprengcl pump, the tube 
made gradually red-hot, and the gas finally transferred to a gas apparatus. 
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Tlio writers use the niereury 
IMnup described at page 52. , 
The eombustioii tube is at- 
tached by a siiort piece of 
pressure tubing direct to the 
tube fioiu- the pump, and made 
perfectly vacuous. 

The gas is pumped out by 
the mercury pump into any 
convenient test-tube previously 
filled witli mercury and in- 
verted in tlie pneumatic trough. 
The gas thus collected is trans 
ferred to a measuring a])par- 
atus, the one the authors use 
being of the ty])e devised by 
(), N. Huntley (fig. 74). The 
method of transference is 
obvious from the diagram. 
On lowering the reservoir R 
there is a vacuum produced in 
the burette R, and on turning 
the two-way cock C so to 
place the burette and the 
interior of the test-tube in 
communication, the gas is 
aspirated into the burette. 

The burett(‘ has no divi- 
sions, but there are three 
opa(jue glass points, t/, «, /. 
The menuiry, by careful first 
lowering then raising the 
reservoir, can be brought 
c;xactly in contact with one or 
other of these points, coincid- 
ence being easily adjusted by 
observing that the point coin- 
cides with its image reflected 
on the mercury mirror. The 
capfujity of the spaces above 
the mercury for each point is 
ascerttiinod by weighing the 
volumes of mercury or w^ater 
for each division. It is also 
necessary to ascertain the 
exact divisions of the barc^t&M 
eter tube which are on thel 
same level with each of the 
three points. The barometer 
tube has no stopcock, but 
simply a ground glass stopper 
(s). The stopper is surrounded 
by a little^ mercury in the 
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mercury cup, so that leakage is impossible ; both burette and barometer tube 
are jacketed and maintained at the same tein])eratiire l»y a stream of water. 

If the gas consists of nitrogen and carlxni dioxide, Tifter measuring the 
total volume the gas is retransferred to the test-tube and a. little bit of 
uioist solid potash on a wire carried up through 
the mercury into the tube. After all absorp- 
tion has ceased, the gas is transferred back 
again and remeasured, provided the temj>cia 
turo of the water-jacket is the same as before 
and the same division on the burette is used. 

The barometric height will be of cour.'^c 
diftbrent, and the heights of the lirst to the 
second observation will he })roportional to the 
gas that has disapjjoared or been absorbed. 

Instead of absorption by solid potash, ab 
sorption pipettes may be used. 

The pipette (fig. 75) consists of two 
bulbs, A and B. C is a thick-walled glass 
tube, with a capillary bore ; at X is the 
India-rubber connection. Before commencing 
an absorption, A must be filled through B Fxo, 75 . 

with the reagent ; it is then, when properly 

connected, easy to drive the gas over into A, and also at the last a thread 
of ntercury scaling C. 'J'he jujjette may now be disconnected and well 
shaken without any loss of gas, and absorption is far more rajud than 
when Kuuid reagents arc applied in the ordinary manner. An analysis 
of a sutnple of air, and one of a gas consisting of carbon dioxide, nitric 
peroxide and nitrogen, may be cited as an examjde. 

Air . — A sample of air brought to the lowest division of the measuring 
pipette, barometer tube reading 900 ram., but the barometer reading cor- 
responding to the lowest opaque glass point, is 325 mm. Therefore this has 
to be subtracted : 900 - 325 = 575 mra., which is the pressure of the tobil gas. 
On absorbing by a stick of potash after the manner described, and again 
reading at the same division, the barometer reading is now 899 ‘8 mm. ; 
this subtracted from 900 gives, as the tension of the carbon dioxide, *2 mm. 
Lastly, on impelling the gas into the pipette (fig. 75), and submitting it to 
the action of alkaline })yrogallate for iwo hours with frequent shaking, and 
measuring at the same division, the barometer resulitig is 780 9, which, 
subtracted from the former reading, gives as the pressure of the oxygen 
119 mra. Hence 

Pressure of cttvbon dioxide, *2 

„ oxygen, 11 9 ‘0 

,, nitrog»-n, 466 ’8 

Total pressure, .... 676 *0 

Sj^ ice the temperature W’as constant throughout, if tiie volume in percent- 
only is required, the calculation is as fol low’s : — 



(1.) 576 ; -2 

(2.) 676 : 119-0 



100 “Oxygen 

y?29-20*69. 
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Tliat is, tlie air contained 'O.T jicr cent, of (airbou dioxide, and 20'69 per 
cent, of oxygen. 

In a (letormiinition of the carbon and nitrogen of a water residue (from 
a litre), the following is an example of the method and of the numbers 
obtained : — The gas was pumped out by tlic mereiiry-pump direct into a 
thick-walled test-tube, and sucked into the measuring pipette and the 
mercurv exactly brought down to one of the glass pt)ints; the pressure of 
the merctiry as read on the. barometer tube was 850 mm. ; but since the 
division itself e(|ualled or corresponded to 284, the total pressure of the 
gjis was 850 - 281 =500 mm. On now absorbing by a stick of pobish, the 
pnjssure was found to be 584, therefore the tension of the carbon dioxide 
was 850 - 58 1 = 200. Two bubbles of pure oxygen were u<»w added, and 
the gas, which imnu'diately became of a red colour, submitted to the action 
of alkaline pymg.dlate ; after this operation the barometer reading was 
574, and therefore the pressure of the nitric [)eroxidc was 584-574 = 
10 mm. We hav(>, therefore, the following determinations : -- 


Division 4 — o.c. Toii»]>. = 1 r'r> ( 


nim. 


Ti'iiKkui oi'carlKni dioxilk', 

26<) 

,, iiiti'ic oxide, 

10 

,, aitrogeii, 

,, the lliree mixed f^ases, 

200 

.^>00 


These (tporations have furnished three un<‘onecte<l volumes of gaffes- - 

A. Volume of the thr<*e mixed gases. 

11. Volume,()f nitric oxide and nitrogen. 

C. Volume of nitrogen. 

The volumes must, therefore, all be reduced by the usual calculations 
to O^'C. temp, and 700 mm. j)ressure. 

From these corrected volumes of nitrogen and carbonic dioxide, the 
weights of cfirbon and nitrogen can be obtained by calculation or by tables. 
There is a simple means of arriving at the desired result by the aid of the 
following data : — 

1. The weights of carbon and nitrogen contained in ecpial volumes of 
carbon dioxide aiul nitrogen gasc-s, measured at the standard temperature 
and pressure, are to each other as 3 : 7. 

2. The weights of nitrogen conUiiied in equal volumes of nitrogen and 
nitric oxide are as 2 : 1. 

Hence, if we assume that for the purpose of calculation the gaseous 
mixture consists entirely of nitrogen, and that two successive portions of 
the nitrogen are removed from it by the reagents ; then, if A be the weight 
of the total gas calculated as nitrogen, B the weight after absorption qf the 
first portion (CO.^), and C the weight after t)ie absorption of the seco;A< 
portion (NgOg); further, if x and (/represent respectively the weights o; 
carbon and nitrogen contained in the gaseous mixture, then the following 
simple equations express the values of x and y : — 

3(A-B) „,G + B 

-y- V — ^ 



In the example given the calculation is tis follows : — 



A 

Log. of 23*5 c.o., the capacity of the pipette at the 
nieaHured, ........ 

Log. of 566, 

Log. from Table LX IX., corresponding to 0., 


B 

Log. 23*5 C.C., 

Log. of 300, ........ 

Log. from Table LX IX. corresponding to ll‘"*5 C , 


C 


1- 37106 

2- 75281 


- 6-20020 
2-32416 


=- -02109 


1-37106 
2*47712 
6-20020 
2^ 1 iu? 


•01187 


Log. 23-.5 e.c., 

Lttg. of 200, 

]jog. fidin Table LXIX , corresi)onding to ll''-5 (5., 


Carbon, , 
Nitrogen, . 


. - 1 *37106 

2-16-230 

01080 

- 2-03374 

^187 +_'0iq80 _ ^ 


Or Uie water contains in 100,000 parts *438 carbon, 1*133 nitrogen. 

Method of Moixt Vumhuxiioji . — 250 c.c. of water are acidified 
with 2 c.c, of pure, strong suljdiuric acid when the water lias been concen- 
trated to lOU c.c. ; all COjj from carbonates is tlioii boiled off by con(5en- 
tiuting to 50 c.c. A globular receiver with two necks, one of which can 
be adapted airtight by a rubber connection to the retort, is iiowjcharged with 
10 C.C, of permanganate and 100 c.c. of water. The receiver is connected 
with the retort, and to the second tubular portion is adapted an indiarubber 
tulie with clip. The liquid in the retort and that in the receiver arc each 
made to boil by means of two Bunsen burners; after the steam has issued 
from the exit tube for a few minutes, the exit tube is clipped, and at the 
same moment the flames removed. The condensation of the steam pro- 
duces a vacuum, as shown by the flattening of the rubber tube. By tilting 
the apparatus a little, about 30 c.c. of the permanganate solution are allowed 
bo flow into the retort from the roceivei, and the retort heated gently; 
distillation from the retort into the cooler receiver at once comnicnces, and 
ultimately the acid, becoming concentrated, oxidises all the organic matter ; 
the resulting solution should be colourless, but, if it is not so, a little more 
permanganate should be transferred as before, and the operation repeated 
until a colourless liquid results. The gauges now in the apparatus are 
carbonic acid, oxygen, and chlorine, and it is obvious that, by means of a 
Sprengel or mercury pump, they could be transferred to a suibiblc gas 
measuring apppratus, and the quantity of CO^ ascertained after absorption 
[>f tikiB chlorine by direct measurement ; Blair, however, prefers to estimate 
iBe COg by titration. 10 c.c. of a 10 per cent, solution of ferrous sulphate 
ire passed into the receiver by adjusting the charged pipette to the exit 
rubber tube, and carefully loosening the clip, so as to allow no air to enter. 
The contents of the receiver decolorised by the ferrous sulphate are allowed 
to flow into the retort, the liquid heated nearly tn boiling and then jioured 
backwards and forward from retort to receiver. In a few minutes all the 
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chlorine is iiimorbcd. A 6-oz. flask is prepared, having an accurately fitting 
rubber cork, through which passes a glass tube fitted with a rubber con- 
nection ; a little water is placed in this flask, the water boiled t,o expel air, ^ 
and the rubber tube clipped while the water is boiling ; the flame is 
removed, and the flask cooled. Into the vacuous flask 10 c.c. of barium 
hydrate solution, 0’315 per cent., tinted with phonolphthaleiii are run in 
through the iiidiarubber tube by ]»lacing the end of the (diarged pipette in 
the end of the rubber tube and carefully loosening the clip ; the glass tube 
is then pushed down until the lower end nearly reaches the bottom of the 
flask. The flask is now connected with the receiver by the indiarubber 
connections, the (dips looseiu'd, and the licpiids in receiver and retort boiled, 
the flask Ixdng cooled in water; if the rubber tube remains flat, this is a 
sign that no air has leaked in, and that the steam has not sufiicieiit tension 
to do any damage. Boiling from tTvo to seven minutes expels all CO^ ; the 
flames are then removed, the rubber tubes clipped, the flask finally discon- 
nected, and the contents titrated with oxalic acid, ddie exact amount of 
c. n. oxalic acid required to neutralise 10 c.c. of the baryta water deducted 
from that rcipiirod to neutralise the same quantity in the flask, gives the 
rc(pnsito data for calculating the (XXj. 10 (j.c. of c. n. oxalic acid = 1*2 
mgrm. of carbon. 

A. Wfpiter BhjWs Method of Moist Conihustion. — Half a litre of the 
water to be examined is first saturated with SOg, and transferred through 
the thistle- headed funnel (fig. 76) of A into the flask, xV. This is a strong 
Khjrence lltisk of about GOO c.c. capacity, having a side tube, the side tube 
being connected with a water jminp and a mercury apparaUis as follows : — 
A smaller flask, capacity about 70 c.c., with a T-side tube, is connected 
with the side tube of A by means of a rubber cork. There is a Bunsen 
valve at v, so that no gas or li<piid can run back into A ; one limb of the 
T-pioco is oonnectod with the water pump, and the other with a gas 
Imrette graduated in cubic centimetres and tenths of cubic centimetres 
charged wdtli mercury, and provided with a ]>rcssure tube and a stopcock. 

There are also suitable clamps on the rubber parts. The measuring 
Inirettc is first filled with mercury by raising the pressure tube, », and, 
when filled, shutting off by means of the stopcock at s ; the clamps, t and 
remain open. The flask, A, is placed on a sand-bath, the w^atcr pump 
set going, and the water boiled so as to get rid of free Si >3 > takes 

a few minutes. Next, about 20 c.c. of clear saturated baryta water are 
transferred by means of the thistle funnel into A, without letting any air 
in, and this is followed by 10 c.c. of a recently boiled 1 per cent, perman- 
ganate. 'I’he alkaline solution is boiled down in a vacuum almost to 
dryness. The flask is then raised, cooled slightly, and 5 c.c. of organically 
pure sulphuric acid diluted with about 20 c.c. of water are transferred 
through the funnel in the same wray. The clip, f, on the tube leading to 
the water pump is screwed down, and the apparatus put in connection 
wdth the gas burette by opening The flask, A, is now lowered on to 
the sand-bath and allowed to boil ; nearly all the water condenses in B, 
which, at the beginning of this part of the operation, is almost 
the condensed vapour from the former operations having passed away tS 
a receiving flask connected with the water pump. The liquid is distilled 
to dryness and allowed to fume for about an hour. With ordinary water^ 
the acid fumes are arrested in B, At the end of an hour the flask id 
removed from the sand-bath, allow’^ed to cool slightly, and then reoentljj 
boiled solution of ferrous sulphate run in throuirh the thistle funnelj 
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This is boiled for a few nninntoR, and lastly, heat is applied for a few 
minutes to 13 . All the carbon dioxide is now in the gas burette, 8 is 
closed, the flame removed, and the gas burette detached from the 
apparatus ; it is allowed to cool, and the gas carefully measured by bringing 
the meniscus of the pressure 
tube, Pj on an exact level 
with that in the measuring 
burette and roa<ling the 
number of cubic centimetres. 

The height of tiie barometer 
and the temperature is also 
ascertained. The gas is now 
tninsferrod to the bulb 
pipette charged with potash, 
figured at p. 545, the bulb 
|)ipette is shaken, the un- 
absf)rbed gas drawn again 
into the m(3asuring burette, 
and the gas again measured. 

Tile contraction will be equal 
to the amount of CJO.j. 'I’lie 
whole readings must be re- 
duced to normal temperature 
andi pressure, and the volume 
of COjj translated into parts 
by w(‘iii[ht of carbon. 

If, instead of measuring 
the carbon dioxide as a gas, 
the analyst prefers to absorb 
it in baryta water, the burette is replaced by an absorption ajqiaratus 
coTisisting, first, of a bulb eontiiining potassic permanganate solution, and 
then of absorption vessels charged with clear baryta, the last vessel being 
connected with the water pump ; the carbonate of baryta can be filtered off 
under xylene, washed with liot water, dissolved in Ijydrochlorie acid, 
evaporated to dryness, and converted into barium sidphatc by adding a 
little sulphuric acid to the dry residue and driving the excess of acid off by 
heat. 

The advantage of this method of making a moist combustion is obvious. 
The permanganate, by acting first in alkaline solution in a vacuum, at 
once fixes those volatile organic matters which in boiling down would 
otherwise be lost; while (except for a few minutes) the water is constantly 
under the influence of an oxidising medium, which is not the case with 
other processes. 

Oravhnctrir. Estimatifm of Mivute iluavtities of Carbon. — Drs. DnprtS 
and Hake in 1879 ' published a method of gravimetrically estimating 
mmnte quantities of carbon by burning up in a current of pure oxygen, 
«na then absorbing the COj, thus produced in baryta water, and converting 
the baryta carbonate into baric sulphate. A proiluct was thus obtained, 
which weighs 19*4 times as much as the carbon originally present. 

The details of the process are as follows : — A combustion tube, open 
at both ends, and about 24 inches long, is drawn out and bent downwards 
at one end at an angle of 120", so that it niay be conveniently attached 
' Journal of Chemical Society ^ March, 1879. 
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to a Pottcnkofer’s absorption tube, the other end being connected, hy 
means of a caoutchouc stopper and glass tubing, with an oxygeti reservoir. 
This combustion tube is filled half way from the bent end with granulated 
cupric oxide, which may conveniently be held in position t?ither by plugs 
of asbestos or by platinum wire gauze, or by a combination of both. The 
connection with the oxygen reservoir being then made, the greater part 
of the tul)(i is heated to redness, with the oixlinary precautions, and a 
stream of oxygen (which is first conducted througli a long tube containing 
caustic potash) is passed over the glowing oxide of copjMjr until the 
issuing gas ceases, after long bubbling, to cause any turbidity in the 
bright barytji water. As soon as this jK)int is reached, the jK)rtion of the 
combustion tube preceding tlie layer of cupric oxide is allowed to cool 
somewhat, and tlie tube is now ready to be connectoil with tlie absorptior 
a])paratus. The clean absorption tube is carefully rinsed with water, and 
is clami)(Ml in front of the furnace, in such a manner that its bulb end it 
somewhat higher than the end to he connected to the combustion tube, 
Both ends must be provided with convenient stoppers, consisting of shorl 
pieces of caoutchouc tubing closed with a small piece of glass rod. Tin 
stoppers being removed, air, which is first caused to pass through a tulx 
containing caustics ftotash, is pumped through the tube for about tw( 
iriinutcs, and it is tlien filled with baryta water as follows : — The barytj 
water (of strength I'f) per cent.) is kept in a sufficiently large stocl 
bottle, provided with a caoutchouc stopper, through which pass tw( 
bent glass tubes, the long one for syphoning, the shorter, to whiob t 
j>otasli tube is attached, being connected with a small band-bellows. Ii 
filling the absorption apparatus, tlie longer syphon tube is couuecttvl witl 
it by means of flexible tubing, and the baryta water is forced over 
gentle pressure of the bellows, the bulb end of the absorption apparatu 
l)oing provided with a potash tube. As soon as the absorption apparatu 
is half filled, the flow of baryta water is arrested ; the ends of the Petten 
kofer tube are immediately closed by its stoppers, and is now ready fo 
use. By those mcfins the tube is filled with perfectly clear and brigh 
baryta water. The absorption apparatus is now connected with thi 
combustion tube, and the combustion proceeded with. The silver disl 
containing tlie water residue having been inserted just behind the coppe 
oxide, it is burnt in a slow current of oxygen, and the carlion dioxide i 
absorbed and converted into baric cArbouate in the absorption tube. I) 
order to filter oft' and convert the baric carbonate, a funnel and filter ar 
arranged to stand over a beaker containing a layer of caustic potasl 
solution at the bottom, the whole being covered by a bell jar, which itsel 
stands in a layer of caustic potash solution. The mouth of the bell jai 
whicli is immediately over the funnel, is closed by a thick caoutchouc ca 
with two narrow openings, one of which is provided with a caustic potas' 
tube. (Soda lime apjiarently answers equally well.) The other, which is 
temporarily stoppered, contains a straight glass tube, placed immediately 
over the filter so that, after the whole arraugement has been left some 
time to itself, in order that all enclosed air may be free from COj>, dired^ 
connection may be made with the Pettenkofer tube by means of flexible 
tubing sufficiently long to admit of some slight freedom of action. 
Filtration may thus be carried on without danger of CO^ being introduced 
from the atmosphere, the additional precaution being taken of compelling 
all air which passes through the Pettenkofer tube during this process of 
filtration, to pass througli a tube containing caustic potash attached to the 
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tube itself. The washing of the precipitate in the tube and on the filter 
is effected almost entirel^^ with l)oiling water, which has l)een previously 
saturated with carbonate of barium [solubility 1 in 1.5,000], but finally 
with a small quantity of boiling distilled water. After comjdete washing 
the tube is disconnected, and the filter ultimately rinsed round, while 
still under the bell jar, by means of the long tube already mentioned, and 
which, when not clamped, nuiy be moved freely in all directions. The bell 
jar is then removed, and the ]»reeipitato is rapidl}^ washed together into 
the bottom of the filter. 

The Pettonkofer tube, which may contjxin minute particles of baric 
carbonate not removed b}^ the washing, is rinsed twice with small quantities 
of dilute pure hydrochloric acid (al)out 1 in .50), and finally with distilled 
water, the rinsings are poured on to the filter on which the greater mass 
of baric carbonate is already collected. The filter is further washed with 
dilute hydrochloric acid, and finally with distilled water : and the whole of 
the solution of baric chloride so formed is carefully collected in a small 
beaker. ^ - '^he quantity of such solution ne(5d not exceed 50 c.c. This solution 
of chloride of barium has next to be evaporated, which is best done in a 
platinum vessel on the water-bath. It is then transferred, when greatly 
decreased in bulk, to a nmcb smaller platinum dish, weighing about 5 grms., 
and finally evaporated to dryness after the addition of a few drops of pure 
sulphuric acid. The dish and its contents have then to bo ignited, the 
residue moistened with a drop of nitric acid and redriod, and the whole re- 
ignftod .Mild weighed to conclude the operation. The amount of carbon 
pi'esent is obtained by dividing the weight of the baric sulphate by 19*1. 

NvtJiatomelric Meiliod, — This ingenious mctliod we also owe to Dupri^ 
and Hake. The carbonic acid resulting from the combustion of an organic 
residue i.-s [lassed into perfectly pure clear solution of basic lead acetate, and 
the turbidity produced is imitated by known w'cigbts of CO.^; i1i fact, the 
operation is a colour method conducted on the same ])rinciplo as ‘Nessleri- 
sing,* with this important difference, that no success will be obtained unless 
there are special precautions taken to prevent the contamination of the 
solutions by the breath and air, etc. 

§371. The FMimation of Or(janie Nitro(jm afler KjddahPs Method . — 
Half a litre of the water is placed in a retort and the free ammonia distilled 
off. Then 5 to 10 c.c. of diluted sulphuric acid are added, and the water 
concentrated down on a sand bath until the acid fumes. The acid is 
allowed to fume for about half an hour, or until it is almost colourless. 
The acid solution is then cooled, diluted, alkalised with pure soda lye, and 
the liquid distilled, the alkaline distillate being neutralised with decinormal 
sulphuric acid, each c.c. of w'hich is equal to i-4 ingrrn. of nitrogen. This 
simple process is applicable-to most pure waters eontaining but little organic 
matter and feeble nitrates. On the other hand, it will not give accurate 
results with waters containing much nitrate or much organic matter. In 
such a case the following is the best method — Half a litre, as before, is 
taV^n. The water (after getting rid of the free ammonia) is saturated with 
SO. 2 , and a drop of iron chloride solution added; it is then gently heated 
^for about twenty minutes ; and is next boiled down to about 20 c.c. To 
this residue is added 20 c.c. of sulphuric acid containing 4 grrns. of phos- 
phorus pentoxide and then 0*12 grm. of anliydrous copper sulphate and 5 
drops of platin chloride solution. 'J'he contents of tlie flask, closed by a 
glass marble, are heated gradually to a gentle boil, and the boating continued 
^ UlecU, Zdtachrift f aimlyt, Chemie^ xxv. 679, 
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until the fliiirl romaiiis of a green colour. After cooling, the acid fluid is 
diluted, iilkalised aiumonia-frce soda solution, a little granulated zinc 
add(?d, and the wJiole distilled into a measured volume of deciuormal 
sulphuric acid. Tlie deciuormal acid arrests any ammonia, and on titrating 
the distillate with d. n. soda, there will be a loss of acidity proportionate to 
the ammonia, from wdiieh (as before) the amount of nitrogen can be 
CMlculated. There has been found a slight practical difficulty in thus 
titratiuLT ammonia with the greatest accuracy, and Kjeldahl ' has therefore 
recommended the utilisation of (he reaction which takes ]>lace between a 
free acid and iodide and iiidatc. This reaction (denoting free acid by IIK, 
takes place as follows : — 

611 U + SKI + KIO = 6KR + 3H./) + 61. 

To the acid distillate is added 0‘1 gnu. of potassium iodide and 01 
grm. of potassic iodate ; after standing two hours the iodine set free is 
estimated by means of a deeinormal lliiosuljdiate solution, the stnuigtli of 
wbicb has been cheeked and adjusted by the aid of a deciuormal iodine 
solution. 

An example w’ill make the calculation clear. 

Tluj distillate from half a litre of water was submitted to KjeldabTs 
process, and was received in 110 c.c. (lecinornial sulphuric acid. Potassic 
iodide and iodate were added thereto (as above described), and the mixture 
allowed to stand two hours; at the end of that time the free iodine^ was 
estimated by means of a deciuormal tbiosuliibate solution, using starch as 
an indicator; 25-0 c.c. of thiosulphate were used. Since 30 c.e. thio- 
sul[)hate are erjuivalcnt to 30 c.c. of deciuormal acid, it is edear that 
30 - 25 9 — that is, 4T c.c. of free acid— have been saturated with ammonia ; 
licnce the distillate contains 4’1 c.c. xl’l mgrm. = 5*74 mgrms. nitrogen, 
and the water contains 11*48 mgrms. per litre or 11*48 parts per million of 
organic nitrogen. 

12. Mineral Anahish of WaferJ^ — Ordinary drinking water holds 
dissolved but few saline matters, and when an analyst has determined 
chlorine, nitrates, sulphates, ])hospluites, and carbonates, and also lime and 
magnesia and alkalies, he will usnally find, on adding the several amounts 
together, that he gets mnubers very nearly equal to the solid saline residue. 

All (‘xcolloiit niotliod of ajijimxiiiiatoly ostimating the various .saline constituents of a 
water is ovajicratc down to dryness a known quantity, tlion to treat the residue with a 

* Kjeldahl, xxii. 3(3(5. 

® A method of determining calcium and magnesium has been described by Professor 
C. b. nioxam {Clwm. Aries, 1886); it depends upon the precipitation of calcium and 
magiirsium as ummonia-arsoimtes, and is s])ecia11y a]>plicablo to their separation from 
sti’onLium salts. The determination of calcium as ammonia-arsenate in ordinary drinking 
waters has some advantage — tlie pn'cipitate is as nearly insoluble in water as calcium 
oxalate, and being higldy crystalline is not liable to run through the filter — the formula 
of the prwnpitate dried at 100" C. is CaBNIl 4 Hr,(As 04 ) 6 . 3 lTa 0 , and 100 parts are. equal to 
20 calcium or 50 calcic-carhonatc. If a rajiid determimitloii be desii*ed, arsenic agd is 
added to ^ of a litre in water, wliich is then strongly alkallsed by ammonia. The inixtuTe 
is well stirred, and allowed to stand for ten minutes, the precipitate is then collected oi^ 
a weiglitsl filter, waslmd with ammonia water (8 5 per cent.), and dried at 100” C, Th^ 
gain in weight riqireseiits the united magnesic and calcic aiumonia-ai'sonates. The nrc' 
cipitates ai*e now dis.soIved oif the filter by acetic acid, and the calcium precipitated asj 
oxalate by ammonium oxalate, the solution boiled and filtei'ed. On abiding to the tiltrati^ 
ammonia, the ammonia -magnesium ameiiato is in this way repreeipitated, and may] 
be collectetl on a weighed filter, washed with ammonia water, and dried at 100" 0. ; 
composition is (MgN]l 4 As 04 ^U. 40 ) ; 100 parts arc equal to 44*2 of magnesium carbonate. I 
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littlo liot water, wliicli will dissolve all the soluble sails out, but leave insoluble 
carbonates of liino and magnesia, and silica. In the soluble |>orti«*n, tin; soluble salts 
of the alkaline earths atid the alkalies aiv deteninned : the chlondcs, suloliates, and 
nitrates are (j^liniab-d in the uneoneentiated water by the processes alieauy detailed. 
It is also always open t<i make the analysis in the old-fashionod way— that is, toevai>oratc 
down a larj^e quantity of wati-r, to scjwirate the silica by treatment <if the ash or residue 
with hydrochloj'ic acid, and after sejiaration of the silica to divide the solution inU) three 
or four quantities, in which sulphuric, acid, lime, majjnesia, etc., are «leU'rmiued by the 
ordinary methods. 

W. W. FisluT^ has sii^/'ested a veiy f^ood melhod of checkinf^ the mineral analyses 
of water, which is also ajqilicable to the iiidire«*t determination ofalkalie.s. lie ealeulates 
the molecular ])roporlions of the ba.ses and aei« Is j>rc‘.senl ; ifihe analysis is correct, they 
should very nearly con es])ond. The following examjde explains itself. 


Total Solids diued at 100" C. = 24‘i*00 ; duim) a i- 240" — ‘jaom 



Grains 

Mol. 

weiKflit. 

Mol. . 

JlA.^ES. 

JUT 

"ullon. 

pn,nor- ' 
tiuiis. 1 

iSofl;i, N.-i.jO, . 

, .53*14 

■f 02 = 

0 .8.571 

M.igue.sia, MgO, 

11-91) 

I’ 40 - 

0-299 1 

Lime, CaO, . . 

3.5 *28 

V 50 - 

0*03<) 

Total, . . 

100*41 


1 *7801 







M i>l. 

Mol. 

A 

ID.s. 

I)tr 

pillion. 

wcJKlit 

propor- 

tions 

I'L, . 


18*00 

-r 71 - 

1) *253.5 

S(.).., . 


103*88 

-r 80 -- 

1 *2985 

C(L. . 

. 

9 *.55 

-J 11 - 

0*2170 

N./l„ 


0*84 

-r 108 -- 

0*0077 


Total, , 

13*2 -27 


1*7767 

Detluct 0 = C1 

. -- 4 *07 




128*20 


TIi*is total salts — 228*61, and the ditrercnce, will be due to siln a and oxide of iron. 
It is oOvious that if the soda be unknown it may bo easily calculated if wo assume the 
molecular jiroportious of tlic total bases =1*7767. 


III. Biological Mktiiods. 

• 

§ 372. Dr. Adeneifs Acraliou Proaetis .- — The organic matters in sewage 
or water consist of substances some of wliicli are readily broken uj) by 
fermentation, and otliers, such as peaty colouring matters, arc acted upon 
by bacteria with considerable slowiie.ss. J)r. Adeney’s process aims at 
distinguishing these two classes, and essentially consists in extracting and 
analysing the gases contained in the water, in addition to the onlinary 
metliods of determining the ammonia and oxidised nitrogen. The water 
is then kept in full bottles inverted, tlie necks being immersed in a little 
distilled water, for seven days or longer, and Bgiin a similar analysis 
made; good drinking waters show but little change, waters or sewage 
with fermontable substances considerable change. 

For instance, the following is an analysis of a good drinking water. 

Gases expressed in c.c., measured at 0** G. and 760 mm. bar. ; the other 
constituent parts by weight in grammes per litre. I. on collection ; 
II. after 112 days. 

CO.,. o... N«. N as Nil;,. N as Njrpa. 

I. “II. I. II. 1. II. I. II. I. II. 

A-good water, . 3*68 3*45 8*07 8*00 15*95 15*82 0 *00001 *001 


All the differences between analysis J. and analysis II., with the 
exception of the increase in nitrates, are almost within the limits of 
experimental error. 


Analyst, .May 1902. 

* See Hk Rnport Hoyal Commission on Sewage Disposal, Appendix VI L The Ke|)oH 
contains several communications from Dr. Adoney, with a full delailefl description of hif 
me^ods, and also of an apparatus ho employs for puni[)iug out and measuring the gases. 
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This may be compared with the same tap water containing 1 in 100 of 
sewage kept for tlie same time. 


COo. 

I. II. 

4 32 670 8*03 


Oo. 

I. II. 


I. II. 


2-54 15-96 15*80 


N ab Nil-,. 

1. II. 

•0062 0-00 


N as N 
I. 


fj’; 


■0001 -001 


Here there are considerable differences. The CO;^ is increased 2'38 c.c., 
the oxygen is diminished by 5*49, which is equal to about 32 5 per cent, of 
saturation, and the ammonia has disappeared, liaving been evidently 
oxidised into nitric acid. 

Dr. Adency apparently keeps the waters at ordinary temperatures, and 
therefore, in order that the change may be completed, this necessitates a 
period of conservancy far too long to be of great utility ; there is, how- 
ever, no reason why the process should not be accelerated by incubation 
at from 25“ to 30“. 

In extracting the gases he acidifies with sulphuric acid, so as to obtain 
the dissolved as well as the combined (X).m 

It is [lossilde to get valuable inf(»rniaUon from a single analysis if a 
water is collected, aerated, and preserved for some days with absolute exclu- 
sion from the air; if pure, the water will bo still saturated with oxygen. 

One of the great advantages in not only determining oxygen but 
nitrogen as well, is that from the volume of nitrogen found may be 
calculaled the oxygon that should be present in a water containing no 
fermentable matters, the oxygen being practically half the nitrogen. 
'J’hus it has been found acconliug to Dittmar in sea water, and l»ost’oe and 
Trent in distilled water, that the following eijuations express the coivplete 
saturation of the water at temperatures from 10" to 25“ 0. 


10“ C„ . 
15* C., . 
20“ C., . 
25“ C., . 


Sea Water. 

1-933 

0 = ^ 
® i-945 

^ 1 -960 

O- Ng 

-~l-975 


DigtilJed Water. 

■966 
Ng 
1-951 




Og= *- 
1 -954 


00=.- 


1-978 


g 373. Microscopieai. AppmraTiees, — To make a microscopical examina- 
tion of w'ater, it is necessary to collect the sediment or deiK)sit which falls 
to the bottom of the vessel in which the water stands. A convenient way 
of doing thisds to use the tube (fig. 77), which bolds a little more than a 
. litre. The little glass cell, G, is adjusted to the pipette-like end, the rod 
is removed, and after introduction of the water the tube is covered and 
set aside for twenty-four hours. At the end of that time any deposit will 
have collected in the glass cap. On now carefully inserting the rod-like 
stopper, the cap or cell can be removed with groat ease, and its contents 
submitted to microscopical examination. With very pure waters m.erely 
a little sand or formless d^'hns collects in the cap, and there is no life. 
If, however, in the first place eight or ten gallons are allowed to deposit in 
a capacious vessel, most of the water run off, aud then the last litre rinsed 
into the tube, in nearly every case there may be a few life-forms and suffi- 
' oient matter collected to give definite results. It need scarcely be said that 
an opinion must not be formed upon a microscopical examination without 
taking into account the amount of water from which the sediment has been 
^ collected, and a definite quantity should be generally agreed on by analysts. 

r ■ 

tk . 
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The Sedgwick-Iiafter Method ? — This ingenious method of obtaining a 
quantitative estimation of organisms and objects in water is in use by the 
Massachusetts biologists. A brass gauze stop is put in the mouth of a 
funnel, and on this stop is packed a layer of sharp quartz sand ; the sand 
grains should pass through a sieve 80 meshes to the inch, but not through 
a sieve 100 to the inch. Whipple ^ prefers pure ground quartz. On to 
this sand is poured a convenient quantity of the water (say fiOO c.c.), well 

H shaken, so as to get a fair sample. The sand and organisms, 
when filtration is coiiijdote, but before the sand has become dry, 
arc washed into a test-tube, with from 3 to 5 c.c. of distilled 
I qT' water. The tube is shaken thoroughly, the sand allowed to 
|| settle for a moment, and the water (piiokly decanted. This 
I M procedure leaves the sand, but transfers most of the organisms. 

I I 1 c.c. of the liquid is placed on a counting-plate, consisting of a 
! shallow cell with a brass border, the cell holding e.vactly 1 c.c. 
j i A fractional part of the field is now observed, and the organisms 
I counted therein ; in order to do this, the slide is ruled into 
millimetre squares, or a metal disc is fitted into the eye piece with 
a square hole cut in its centre, the area of the square hole being 
I such that with the powers used it just covers a square millimetre. 

I The Massachusetts biologists have by tliis method examined an 
I enormous number of waters; some having been examined on 

, several days in Ciuili month in the year. The method of reeoiding 
’ and tabulating the results are shown in Table LX-VIL, giving the 

\ ^hdogical results of the water supply of Nantucket. This water 

\ f supply, owing to the increase of Anahmna (one of the blue-green 
\ / algae), in the months of August, September, and October smells 
He and tastes offensively. 

^ Dihdm'e Prorena . — A l)etter method than the Sedgwfek-Rafter 

Fig, 77. pi-ocess is that which hits been invented by the late chemist to the 

London County Council (Mr. Dibdin). A litre of the water (or 

less, should the water contiiiii much suspended matter) is filtered through 
liard filter paper. The deposit is washed off’ the filter paper into what 
is called a “micro- filter.” The micro-filter is prepared as follows : — A 
piece of clean combustion tubing is drawn out into a capillary tube of a 
diameter of 2 mm. The open small end is plugged by a i)a8te made of 
equal parts of air-dried clay and kieselguhr. This plugged end is dried in 
the Bunsen flame, and ultimately heat^ to redness. The residue from the 
water is now placed in this micro-filter, and the micro-filter is fitted into 
any convenient flask or bottle by moans of an india-rubber plug attached 
by a side tube to a good water-pump, and the superfluous liipiid drawn 
bhrougli, until only about 1 to l’5o.o. remain. The sediment and 
suspended matter are thus collected in the form of a compact cylinder just 
Eibove the porous filtering substance, and are now carefully measured, the 
results being expressed in millimetres per litre. Th<: oylindor of deposit is 
removed by scratching the tube with a sharp file about half an inch from 
the filter plug and breaking it off. A platinum wire is pushed in so as to 
loosen the deposit from the porous plug. Upon inverting the tube, open 
and downwards, the deposit f^ls away from the plug towards the open end. 
The tube is then cut close to the plug and the plug removed. On holding 


^ McmaehutUtH State Board of Hecdth Report, Boston, 1890. 

® TJfA Microscupy of Drinhmg WtUer, by G. O, Whipple, 1899. 
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TABLE Lxvn.— niiciioKcoi'ii Ai. Kxaminai ion ok Wathii kiiom Wannacoaikt Pond ' 
NaN'ITK'KKT. NuMIJKK of OkoANISMS J’KU ('ujlio (.'kNTIMF/J'RE. * 

(25/A An nun] HqmT] oj Slain Buard of JlmWi, Massaflinsotts, 2Xi.) 


Ani* ! A, o' V» lilsthirtll nth Hth 

Aujs. , An,.. Aujr. ,si‘|ifc,|Si‘pt. .si-jit. Sept. Oct. Oct. Oct. ' (»ct. Nov. Dee. 


PLANTS. 

Diatomacea), 

CyanophycesB, , 

Aiialtaiiiii, 
Auttlijnim .sjMiivs, 
MiorocysUs, . 

AlgSB, . 

raudoriiift, , 

Pro tococ.ru «, , 
Sccucdesrnus, 
Stuu]'u.struiii, 

Fungi, Crciujtlirix, . 


0 0 0 0 


0 2 I J.r. 400 


467 336 1 925 508 j 176 1 968 1748 800 449 

2n0 1 228 | SUo _ 3r>8 \ 17t> 1 {>t»8 1 7 I 7-<'J -4 40 


2Gt),l(KS, (if, If, 2 0, 0 

/jo 0 0 0 0 

9i 1 25 10 0 0 

1 1 oi 0 ol 0 

: O 0 25 in o| Oj 

I 2 1 0 0 0 0 0 


0 0 0 

9 i 36 14 


0 0 2 34 

0 10 1 

0 0 0 1 


ANIMALS. 
Infusoria, . 

Ci-yjdonioims, 
Diiiohryoii, . 
Diiiobryon r,asc} 
Kii^dcnu, 
Cllciiodiniuin, 

M oims, 
reridiiiimii, . 
Vorticclla,. . 

Vermes, 

Anurca, 
Munoccrca, . 
Polyarthiu, . 
Ilotatorian ova, 
Rotifer, 

Crustacea, . 

Cyclops, 

Daplmia, 

.. Miscellaneous. 

' Acarina, 
Zoogloea, 


20 2 0 0 0 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


4! 0 0| 

3 1 0 o' 

0 1 0 0 ; 


08 1 0 *02 01 : 10 *07 i 0 0 

0 i 0 0 0 i 0 -02 : 0 0 

•08 ! 0 -02 -01 j *10 I -06 | 0 0 

144| 76 200 OjlO 01208 136 

0 i 01 0 0 *10 0 0 ‘04 

144 70 200 0 0 0 208 130 


21 

354 

(» 

0 

10 

GO 

0 

2G0 

0 

I'»- 

0 

0 

0 

0 

6 

34 


0 7 16 6 

0 6 1.5 6 

0 0 0 0 

0 0 0 1 


0 0 0 01 04 

0 0 ‘ 0 01 - 04 1 

0 0 0 0 c 

72 ~6 "oT « 


2466j 1191 705 343,960 6781386 1112 1830 8171497 404 
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§ 375'J examination and analysis of water. 

tlie little tube, now open at both ends, and (;iving it a downward shake, 
^thc wliolo of the deposit can bo transferred in about a drop of water to a 
microscope slide and examined in tl»e ordinary way ; afterwards portions of 
flje deposit may be stained with aniline dyos, cultivated and otherwise 
investigated.^ 

1. Lifpfcss Forms, 

1. Minera! Matters^ especially sand, clay, and not luifrwjuontly fine 
spicula'. of glass derived from the glass pipette, etc. 

2. Votjplahle Matters. — In shallow pools, in rivers, reservoirs, and, in 
fuel, all open waters, the microscopist seldom fails to lind vegetable ih'hru 
in the shape of dotted ducts, spiral vessels, parenchymatous colls, bits of 
cuticle with the hair still adhering, the down of seeds, roots of duckweed, 
bits of chat a, etc. It depends on the amount as to what conclusions are 
to be drawn ; but this is cei'tain, that a water showing these matters is not 
likely to be from a deep spring, but one over wdiich the atmosphere more 
or less freely plays. 

3. Dead Anloial Matters — (a.) Purely Animal^ such as hairs from 
domestic or wild animals, strip»‘d muscular tissue, the scales of moths, 
butterflies, or other lejiidojitera, eggs of ciitozoa (which, of course, may, for 
aught wc know, be living). 

{h.) IPman Debris . — Human hair, human cjdtheliurn. 

(c.) Mamifaeiured Matters. — Wool, silk, etc. All animal matters, 
whelAier derived from insect, human, or domestic animal life, cannot bo con- 
sidered a favourable indication \ and oven the presence of cotton, silk, hemp, 
and th/^ like, though innocuous in themselves, yet affords evidence that the 
water is in such a position as to be liable to accideiital contamination. 

2, Living Forms. 

Microscopic organisms. These may bo conveniently considered as (a) 
Vegetable, (0) Animal, although a division is sometimes difficult. 

(a) Vegetable. — Putting aside for the moment Hacteria or Sehizomycctes 
the most common living vegetable forms are the following: — Beggiatoa^ 
Cremthrix, Cfadothrix , then there are confervie, oscillatoria, volvocinte, 
desmids, diatoms, etc. To these may be added the green, or sometimes 
red, cells of painiellce, and the moving reproductive spores of confervoids, 
charaj,- ett:. Those forms hich possess cells holding ‘ chlorophyll * 
denote water which is exposed to daylight. 

Beggiatoa. —There arc several species of Beggiatoa ; the commonest 
being Beggiatoa alba. Beggiatoa forms long flexible threads, 1 to 5 inra. 
in diameter, containing a number of round bodies. It grows on dead 
vegetable and animal matters, sometimes ;n enormous quantities. The 
senior author has seen the bottom of a polluted brook lined with it for the 
extent of half a mile. The attached part of the thread is thinner and shows 
divisions into segments with but few particles, but towards the free end 
the segments become less obvious and bright round coloured particles more 
numerous. These particles consist mainly of sulphur. The free ends are 
occasionally liberated, and give rise to a swarm of spiral threads which 
(under the name of Ophidomonas) were formerly classed as a distinct genus. 

1 Analyst, 1895 . 

. ^ For a full account of all the organisniH (except bacteiia) to be found in drinking 

Waters fiom all sources the reader is referred to the excellent work by G. C. Whipple, 
LThs Microscopy of Dr inking fVater. 
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Tlic jjfrowth of Beifijiatoa is favoured by organic matter and sulphur . 
compounds ; heiKJO its jjresonce usually denotes sewage }x>Ilutiou. ^ 

LepUtihrix is aiiotlicr thread fonn met with in wateiu A few botanists^^ 
consider it to be fiiin])ly a sbigo in the life of Cmioikrix 'a\\^ Cladothrix; 
but the majority consider it a distinct genus. 

Lejdoihrix ochmrea forms thin threiids stained yellow or yollow-red 
by a d(‘po.sition of iron oxide in the sheath. 

Crentdhn'x forms a brown slimy precipilMc consisting of fine threads 
from rS mm. to fi mm. in diameter. The threads are com)K)sed of oblong 
cells, the cell divisions being evident. Old cells are often coloured by 
iron oxide. Some of the cells develop spores which form masses of 
brownish scum. These grow to fresh threads. Sometimes the spores 
grow within the cell to new threads, and then the new threads break 
through the cell, forming a bundle of fine filaments. Old threads may 
show no sign of division into cells, 

Cladothrix is similar to CrenothriXy hut the threads arc of less diameter. 

Tt may always be, however, distinguished from Crrnolhrix by the threads 
dividing dichotomously, hence the name Cladothrix dichotoma. 

DeamidSy beautiful microscopic algfo, consisting always of two 
symmetrical cells, are in colour remarkably green : one of the most 
common is a species of Cloderium, (lig. 78). Desmids have been referred 
to by Dr. Macdonald as rather indicating a good water. 

It is true that desmids occurring by themselves, with no 
other indication of animal an<l vegetable life, could in 
no way be pronounced injurious. The fact, however, 
remains that, as a result of many years* experience in the 
almost daily analysis of water, the writers have never 
found desmids except in more or less surface supplies 
of water abounding with impurity. The diatoms, which 
are comjwsed of a siliceous skeleton clothed by a sarcode 
substance, consist, like the desmids, of two exactly 
similar parts ; they {wsscss no chlorophyll, and are now Fio. 78, Fio. 79, 
considered either as a class or onler of the Algm or 
an hidopendont group. l'’ig. 79 is Diatovia mlgare, very frequently 
found, and by itself certainly affording no indication of a bad water. In 
fact, diatoms generally are of little importance. 

§ 374. Bat'term . — The simplest and lowest forms of plant-life are called 
J>acteria or Schizomycetes. They are for the most part exceedingly small 
cells, the width being generally about 0-6 p, and the lengths about 1 p 
(the ft is mm. or in,), but the smaller proportion may range 

beyond the sizes given, or from 0’15ft to 6 p, or in the case of the sulphur 
bacteria to 20 p or more in width, while tbe length in some exceptional 
cases may exceed lOOp. The cells are in many cases single; in some 
instiinces they are .in pairs (as in Diplororms), or in chains of two, three 
or more (as in Sireptocoeem), and in yet other instances they form massea 
The form of the cells is spherical, oval-shaped or spiral in the vegetative 
state, and nail-headed, clubln'd, fusiform or somewhat dumb-bell shaped in 
the sporing conditions. When actively growing, the multiplication is 
fission ; but in some species, when growth is checked by unfavourable i 
conditions, spores are formed. These spores correspond to the seed ofj 
higher plants, and are endowed with extraordinary powers of resisting 
extremes of cold and heat, desiccation and other influences which are 
fatal to the vegetating individuals. With few exceptions^ th^ are devoid 
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of chlorophyll, a feature which distinguishes them and the fungi ])roper 
from green plants, and they live mainly on organic inatt(*r, in which 
“respect they agree with fungi and differ from higher plants generally. Some 
I’ve on decaying organic matter, and are termed Saprophytes ; otlau’s occur 
in living organic tissues as parasites ; while a few live solely on mineral 
matter. 

The essential function of bacteria is to reduce diseased and decaying 
organic matter to simpler chemical forms by oxidising it and using the 
energy thereby liherated in building up their own bodies. 

The living home of most bacteria is wherever lilblcss organic matter 
has accumulated ; generally on the surface soil and to a few feet within, 
on the bottom of oceans, lakes, pools, and in the organic matter suspended 
in flowing waters or exposed to moist air. If the organic matter becomes 
dried np, the bacteria form spores and these spores are carried with the 
dust into the air, the winds carrying them to moist places wduTc they find 
favourable conditions for growth. The main factors rcgiilaliiig their dis- 
tribution are, first, a supply of suitable food, and, seconclly, currents of air 
or water, and carriage by active organisms and inanimate motors. 

The rafcj of multiplication of the vegetative form is exceedingly high, 
but such multiplication is limited b}’ tlie amount of available food. Hence, 
in soils and in flowing waters the organic matter is ever undergoing a 
conversion into harmless products, and, if there is no fresh accession of 
organic mutter, the soil or the stream becomes purified at a rate propor- 
tioned to the accessibility of oxygen for the bacteria, etc. Each organism 
has its own limited sphere of action, so that the co-operation of many species 
are roquiiod for the complete decomposition of the organii*. matter. The 
first stages of the decomposition arc efiected by species which can only 
obtain the requisite oxygen from easily deoxidised organic compounds; 
these are termed anaerobic ; others can only obtain their supply from the 
oxygen of the air or from the oxygen dissolved in water ; these are aerobic ; 
while some can obtain it in either way. 

Most bacteria are so sensitive to physical and chemical conditions more 
or less special to themselves that their absolute and relative numbers are 
liable to great changes within very short pcricKls of time. Hence, the 
l)acteriological examination of a water should be made as speedily as 
possible, and, if delay is unavoidabift, growth should bo checked by placing 
the samples in tubes, and the tubes in special boxes kept cool by ice, and 
surrounded by some substance which will prevent the ready accession of 
heat. 

It has been proved that the purification of water takes place chiefly 
while it is in contact with the layers of soil at and near the surface. Not 
only is it here that the greatest amount of o)g:inic matter is reduced to 
ammonia and nitrates, but pathogenic organisms arc actually killed. Dr 
Sidney Martii* ^ has shown that the micro-organisms common to soil, prove 
rapidly fatal V Bacillus typhosus, Gartnor^s bacillus and Barillas colt aim’ 
munis. Dr TIoiistoii ^ has further shown that the same thing takes place 
when sewage is allowed to remain in contact with superficial soil. The soil 
laoteria rapidly gain a mastery over the majority of the sewage; bacteria, 
treptococci, B, roli, and Badllus enitrriiidis sporogenus. The streptococci, 
specially, are killed in a very short space of time. Dr Houston found that- 
j ewage organisms persist for a very much longer period in deep soil than 
hey do in surface soil. 

> Appendix H, Supplement uiSOih Awmal Report, X. B, 





560 FOODS : THKIIi COMPOSITION AND ANALYSIS. [§ 374, 

It is thus evident that the chauj^es that water may undergo are rapid, 
and it is necujssiiry to tjxcrcise great earo and s])ced in their examination 
and to pla(;(' hut little reliance upon the absolute nnniber of bacteria present.*^ 
For although the number of bacteria may, and usually docs if excessive, 
indicale that a large amount of organic matter is present, it gives no 
indication as to the origin of this organic matter, or whether the bacteria 
present an; likely to be harmful. An estimation of the number of bacteria*^ ; 
present is, however, of great value if constant examinations of the same 
supply are being made, or when comparing different poi-tions of the same 
supply or when testing the efticacy of filters, etc. Of more value, as an 
indication of judlution, is an estimation of the different varieties of organisms 
present. 1 1 is often useful to also estimate the number of sj)ores of bacteria, 
the number of gelatin-liquefying bacteria, and the number of bacteria 
capable of multiplying at blood heat, a temperature unsuitable to the 
majority of harmless water organisms. 

But in the ])resent state of our knowledge, chief reliance has to be 
placed upon the isolation of organisms of the JiariHi/s mli conunuim group. 
These organisms arc conbiined in large numbers in all animal excreta, 
and the woi'k of Theobald Smitli, of Klein and others lias demonstrated 
beyond doubt that the prwence of BuciUm co/i and its near allies in 
drinking water, iu anything mit the smallest numbers, is couelusive evi- 
dence of sewage contamination. Since, however, these organisms are 
widely distributed in dust, etc., a few may be found in good waters, if 
they have been exposed to the air. The cause of the presence of coH 
should always be sought, and a water pci*sistently found to contain this i 
organism should not be declared absolutely safe for use as a Urinkiug 
water until it is known that the organisms are not derived from sewage 
jiollution. Ill undoubtedly jiollnted waters, from four organisms of the 
Coli group to many thousands may be found in 100 c.e. of the water, 
and tlicy will always be found associated with a great variety of other 
organisms. Bacillus (Proteus) vulyaris and Banlfus enteritidis sporogems 
(Kt&in) should also be looked for, as they arc always present in sewage 
ill large numbers. 

JSfrppfororri and Stapliglocoeci may be sometimes looked for ; as Houston 
has recently jHiinted out, their presence is very strong evidence as to recent 
contamination. 

Only in very special cases need Cholera vibrios and the sjiores of Anthrax 
be sought for : fortunately the isolation of these organisms presents no 
‘ great difiieulty. 

Oidy those organisms associated with sewage contamination will be 
described here. The reader is referred to the s])ecial works on the bacteriology 
of water (as, for instance, P. G. and C. Frankland’s Mirro-organisim in 
Watery 1894) for a full description of the many organisms to be met with, 
and to any of the many works on practical biicteriology for the methods 
of culture, staining, etc. 

Total Numhers of Organisms growing at 2T 0, — The organismi 
contained in a definite volume of water capable of growing on staiulan 
nutrient gelatin are usually spoken of as total numbers of orgaiiismfi 
although this number docs not represent all the organisms contained in th 
water. In estimating the total numbers, the following precautions shouli 
be observed. 
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(1) The sample should be examined as soon as possible after taking ; at 
the time of taking if possible. 

(2) The nutrient gelatin used should be of a definite alkalinity and l)e 
always prepared in the same manner. 

(3) A definite incubation temperature (22“ C) should be used ; on no 
account should plates lie allowed to incubate at the temperature of the 
room or any other indefinite temperature. 

(4) Not more than 50 or 100 organisms should be allowed to grow upon 
one ordinary Petri dish ; since if organisms arc crowded together many do 
not grow. 

Tlui actual operation of estimating total numbers is simple. Six 
standard nutrient gelatin tubes (sec infra) are taken, and the gelatin 
gently melted at 40" C. Tlie water to be tested is shaken up, and 
1 C.C., O f) c.c. or ‘25 c.c. injected into each of the gelatin tubes by means 
of a sterile pipette ; after mixing, the contents of the tube arc at once 
poured into a sterile Petri dish, and allowed to set in a cold place. The 
used tube is replugged with its scorched cotton wool, and held under a 
stream of cold water, while it is slowly rolled so as to cause the gelatin to 
set evenly round the sides of the tube, 'i’his tube and the Petri dish, 
which must he inverted when the gelatin has set, are placed in the 
ineuhator at 22" C., and exainined ©very day, the eoloiiios being dotted off 
witli an ink sjmt on the base of the Petri dish as they app(»ir. If the 
water is suspected of being very rich in organisms, 10 c.c. of the original 
watef aro injected into 100 (5.c. of cold sterile tap water (always use tap 
> water, as distilled water is inimical to many organisms), and of this dilution 
inject l*v..c., 0*5 c.c., and *25 c.c., respectively, into gelatin tubes, and treat 
as before. 1'his metliod is far better than taking very small quantities of 
the original water, as such quantities cannot be measured with any degree 
of accuracy. 

The estimation of total numbers is very important when testing the 
efficacy of filtci*s, or if regular examinations of a supply are being made, 
but is of little value when applied to a single wimple. 

Total OrganisniH growiutj at SS'* C. — Agar-agar tubes are treated in the 
same manner as gelatin tubes, and then placed in the warm incubator, 
and examined after twenty-four hours and on subsequent days. 

Total Aerobic Spores . — 1000 c.c. of the water are filtered through a 
sterile Pasteur-C^iamberlaud candle, and the surface of the candle brushed 
into 10 c.c. of sterile tap water contained in a sterile dish, by means of a 
small sterile brush. 1 c.c. or less, according to the suspected purity of the 
water, is injected into melted gelatin. After heating in a water bath 
maintained at a temperature of 80“ C. for ten minutes, the gelatin is 
poured into a l^etri dish, and incubated at 22“ C. 

Care should be taken to heat the upper portion of the test tube, or else 
the estimation is liable to be too high. 

. Standard Nutrient Gelatin.-- In order to have uniformity in the com- 
position of the nutrient gelatin used, we have adopted the mode of 
preparation suggested by Pakes, which is as follows : — 

One pound of finely-chopped beef, as free from fat and connective 
tissue as possible, is incorporated in a litre of water. The whole is then 
raised slowdy to 60“ C., preferably in a water-bath, kept at this temperature 
for about ten minutes, and then quickly heated to boiling-point, ^'his is 
now filtered into a clean flask, and made up with water to one litre again. 
Distilled water should be used rather than ordinary tap-water, because the 
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character of the water affects the growing power of the gelatin. This , 
meat infusion now contains the salts and extractives of the beef, and a 
little acid albumen. ^ 

^J'en grammes of Witte’s peptone and 5 grammes of common salt are 
carefully weighed, and jdaced in a clean dish. The mixture is rubbed up 
very carefully with small quantities of the meat infusion in order to 
dissolve the peptone. If this is not done, dry masses of peptone may be 
found even after boiling. If by this time the infusion is cold, it should be 
warmed in a water-batli, and 100 grammes of gelatin (‘Jlest French’) 
added. 1’he Husk is now placed in the steam steriliser, in order that the 
gelatin niay be thoroughly dissolved ; it should be taken out every few 
minutes, and well shaken, in order to prevent the gelatin settling as a 
sticky luyer at tlio bottom. When the gelatin is quite dissolved, the flask 
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is removed, and at once neutralised with -pNaOlI, using litmus as the 


indicator. WMicn it has been neutralised, 4 o.c. of the NaOII are added, 
the contents of the flask are cooled to 50"' or 55"' (\,.and the white of an 
egg is added and well incorf)orated by vigorous shaking. The flask is now 
placed in the steam steriliser for half an hour, by which time the egg has 
coagulated in large flakes, leaving the iiiternataiit fluid clear. It is then 
filtered through ‘ f)apier Chardin’ into a clean flask, and run through a 
Hlliug apparatus (delivering 10 c.c.) into the sterile test-tubes. The gelatin 
tubes are at once placed in the steam steriliser for twenty minutes, and 
treated in a similar manner on the two succeeding days 


Thb Isolation op Bacillus Coli Communis. 

§ 375. Dr. Houston ^ identifies the B, coli by five tests which he 
designates as the “ quintuple preferential method.” 

Un cultivating water in the glucose medium E (see Table 563), should 
there be a development of gas, what is called “the presumptive B, coli 
test ” has succeeded ; then secondary sub-cultnres are made on slopes of 
agar in media D or E, and suspicious-looking colonies are inoculated 

(1) into neutral-red broth cultures (medium I) for fluorescence (fl.); 

(2) into lactose peptone cultures for acid and gas formation (medium H) 
(ag.) ; (3) into peptone water cultures (iiiedium K) for indol® formation 
(in.) ; and (4) into litmus milk cultures for acid clotting of the medium 
(ac.). The successful development of the four characters, “fluorescence, 
gas, indol,- and acid,” is expressed by the word “flaginao.” A flaginac 
B, coli is one identified by the four tests. On the other hand, it is pretty 
certain that the organism is of the coli class, if ouly two of the four tests 
are made, viz., tests numbered 2 and 3. If the tests produce in the one 
case gas, in the other indol, Dr. Houston calls it an “agin” B. coli, thus 
denoting that reliance was placed on only those two tests. 

In testing a drinking water for B. coli, Dr. Houston inoculates into 
the medium (med. E) in separate sterilised vessels 100 o.c., 10 o.c.’, 1 c.c., 
and 0*1 C.C., and even lesser quantities. He is thus enabled to get within 
certain limits an idea of the amount of pollution. He assumes that sewage 
averages a million B. coli per c.c., and then, according to the results I 
obtained, places the water in one or other of the nine following classes. 

’ Jtejw't on t?ie McL Water Supply^ Jan. 1907. 

“ Indol is detected by adding to the hruth a few drops of a solution of para-dimethyK 
aniido-benzaldehyde (8 gnns. *‘para,” 160 c.c. HCl, 760 o.g. absolute alcohol), and then] 
a few drops of a saturate solution of potassium persulphate. 





B. eoli per c.c. pollution in terme ol sewage per cent. 


None ill 100 c.c., very pure water. I 

,, 10 C.C., but at least 1 in 100, water polluted with ‘00001 per cent 

sewage, or 1 of sewage in 10 million jiarts of water. 

, , 1 C.C. , but at least 1 in 10 c.c. = *0001 per cent, sewage, or 1 of sewage 

ill 1 million parts of water. 

' .. 1 per c.c. = ‘001 percent, sewage, or 1 sewage in 100,000. 

I ” - * ‘ -1 in nnn 


=^• 1)1 „ „ 1 

=•1 „ .. I 

=1 .. 1 
= 10 „ „ 1 

^sowaffi* oil a B. roil basis. 


Tablk oiviNii THE Composition ok Various Meuia (orms. or c.o, per litre). 

1 i I I 1 I ViTillcatliiiiTpsUfor/l.tMK/KWiM.l 


Ingi'oditints. 




A. B. 

1. Agar, 


20 

2. Aspuragiii, 



3. Beef broth, 


1000 1000 

4. Bile salt, . 



5. Calcium chloride, 



6, Dulcite, . 


... 1 ... 

7. Calacto^, 


... 

8. Celatine, . 


... 1 ... 

9. Glucose, . 


... i ... 

10. Lactose, . 



11. LjBVulose, 



12. Lemco, . 




18. Litmus, . 


... 

14. Mag. sulphatiC, 

’ 


16. Malachite green, 




16. Maltose, . 




17. Mannite, . • 


... 

18. Neutral red, . 


... 

19. Peptone, . 


10 20 

20 . Pot. hydrate, 6%, 


fatiiUy 

alkniiiie. ••• 

'5l. Pot. monophosphate, 



22. Saccharose, 

. 



23. Salicin, . 


... 

24. Sod. chloride, . 

• 

5 5 
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Notkb on the Table ok Media. 


B. TIk! hUkjIc o.cmsists of 3 lbs. of bcof to tlio litre of water, and is so mixed 

with the culture as tlml llie dilution gives in each case th(‘ jaojmr and standard propor- 
tion equal to 1 lb. of Ijcc'l tt) 1000 c.c. llencc wabT to cone, broth gives single 
strength ; ^ broth and ^ water espials 2 lbs. per litre, donlde strength ; 10 c.c. of single 
strength are used with 1 c c. of culture, 10 c.c. of <loublo strcngtli for 10 c.c. of culture, 
and .^)0 c.c. of the stock for loO c.c. of culture. 

C. The, word rclupolagar is a coinbinaiiou of letters denoting neutral red, 6ile salt, 
;>«ptone, /actose agai. B. roli and some <»thcr colonics are stained briglit red; the 
B, (yfikosus are iujL stained. 

1). The letters S. 1). S. before tlio word rebipelagar denote the addition to C of 
saccharose, duloite, and salieiu. The letters M. O., S. D. S. rebipelagar denote that the 
inediuTu 11 has been stained by rnalacbite green. 

K. The bile salt glucose, pejitoiie medium is mueb iise-d tt) detect by formation of gas 
tlie presumptive presence of B coVk 

F, 0, and II arc used with inner inverted tube so as to detect gas development. 

L. The gelatine agar medium is a stock to which may be added 10 grins, separately : 
(1) galactose ; (2) glucose; (3) lau’ulosc ; (4) null lose ; (0) manuite. Tlic.^o five media 
are jmt in five (juilo small test-tubes 2 ins. x ^ in., unplugged, held together by a rubber 
band, and the ivliolc [ilaccd in a short wide plugged tube (3 iu.s. x 1 in.). The dilTercnt 
agar soliiticuis are coiiveiiieutly distinguished by vaiious cobuired glass beads. Thus 
wliil^j bead = galactose, turquoise-- glucose, green — laevu lose, pink = maltose, and ruby= 
mannile 

< 

Separation ami Identification of li, typhosus. — The researches of Dr. 
Houston show that it is practicable to separate and identify the Ji. typhosus 
from an infected water. 

The chief iinprovoinont on the old methods is the use of a special 
medium (medium 13) S. I). S. rebipelagar stnined by means of malachite 
green. 

Dr. Houston’s experiments on artificially infected samples of the 
r.ondon water-supply were made by two methods. 

d. Primary liquid cultures followed by plating on solid media. 100 
c.c. of the samples wore added to bile salt glucose medium (medium E) 
stained with malachite green in final proportions as strong as 1 in 1000, 
and in otlier cases down to 1 in 32,000 ; some meat broth cultures were 
also used without malachite green ; subsequently the colonies were plated 
on stained S. D. S. rebipelagar. The li. foli and allied forms are in this 
medium stained blue black; the B. typhosus and some, others remain 
colourless or nearly so. This method is recommended when a river water 
has been stored for some time and conseipiontly most of the microbes 
which ordinarily interfere with the isolation of the B. typhosus have 
disappeared. 

2. Direct plating on solid media. — 100 c.c. of the water in this series 
are centrifiigalised and the resulting deposit spread over M. G.,. S. D. S. 
rebipelagar plates. 

Dr. Houston in his experiments varied the green from 1 in 6000 to 
1 in 8000, and in some the green was omitted. The colourless colonies are 
picked out and the following six tests applied. /J 

In practice, however, tests 1 and 6 at once exclude an enormous 
number of colonies as not being B. typhosus, for it must be understood ii 
any one of the tests do not correspond to B. typhosus it is useless to appl} 
any others. 
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Reactions of B. typhosus. 

Reactions of Bacilli other 
. than B. tyiihosus. 

Test 1. Proskauer 11. medium 
(Medium G). 

Acid, no gas. 

No acid, or acid and gas. 

Test 2. L.S.D.S. (Medium H). 

No acid, no gas. 

Acid or gas. 

Tost 3. Proskauer I. (Medium 

n 

11 

Acid or gas, or decided 
grot. 

Test 4. Glucose neutral red. 

Purpli.sli tint ; no gas ; no 
tluoresceiice. 

Gas or f 1 u f) r c s c e n c e ; 
absence of purple tint. 


§ 376. Proteus Vuhjaris — Gelatin Platen. — Appears as small greyish 
dots after fifteen to twenty hours* incubation at 20“’ C. Tlie colonics are 
irregular in outline, the irregularities consisting of mobile bacilli which 
rapidly increase and cause neighbouring colonies to coalesce. Liquefaction 
of the gelatin is rapid. 

Gelatin Stab. — Liquefaction commences in a few hours in the upper 
portion, fprmhig in a few days a funnel-shaped liquehed mass along the 
line of inoculation. 

Agar-agar Plates. — Moist, sticky grey growth. 

Broth. — Turbid in twenty-four hours if incubated at 37" C. After some 
daj^ a pellicle forms on the surface. 

Mifi^roncopicaltyj the bacilli from a liquefied gelatin culture will be seen 
to be verj mobile. The bacilli are protean in form, cocci, short oval, dumb- 
bell, cylindrical and filamentous. 

§ 377. Streptococci and Staphylococci. — Houston employs the following 
method : — “ Surface agar cultures (at 37" C.) should be nc^^wie of the 
sample of water, and all minute colonies resembling streptococci sub- 
cuitured in broth ; afterwards resorting to further subcultures if a micro- 
scopic examination of these broth tubes yielded seemingly positive results. 
As regards the amount of the samples to be used in making these agar 
cultivations, it was indicated that in certain cases it is necessary to 
filter large quantities of the water through a sterile Pasteur filter, and 
to use the * filter brushings * of the candle ; in others, the water may be 
examined directly ; in other cases, again, the water may require to be first 
greatly diluted with a dclinito volume of sterile water.'* 

There are a number of species of streptococci \ for the purpose of 
water examination it is, however, unnecessary to distinguish between 
them. 

Broth. — In twelve hours the broth is turbid. After a few days the 
growth sinks to the bottom of the test-tube, leaving the broth quite 
clear. 

Microscopically the organism, which should be stained by Gram's 
methody will be seen to consist of chains of cocci of varying length as well 
as single cocci. 

There are also several species of staphylococci. 

Agar-agar Surface Vulture. — The colonies appear as yellowish or white 
dots in twenty-four hours. The organism should be subcultured in broth 
and stained by Gram's methody when the cocci will be seen arranged in 
chains or triangular massed. 

Bacillus enteritidis sporogenes, — The water, unless very foul, must be 

37 
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passed through a Pasteur-Chamberland filter. Various quantities of th 
brushings from the filter are then injected into sterile milk tubes. (I 
has been found necessary to heat the milk tubes just before using, ii 
order to drive off the dissolved oxygen, and allow them to cool to 1:^lo\ 
80“ C.) 

The tubes are then heated to 80“ C., and kept at this temperature fo 
ten minutes, care being taken that the upper portion of each tube i 
heated, or the upper portion of each tube may be passed through i 
Bunsen burner flame. The tubes are then at once incubated ana€robi 
cally at 37* C. by Buchner’s method. This method consists in placinj 
the tubes in a wider tube containing pyrogallic acid, and pouring o] 
the pyrogallic acid a 5 per cent, solution of caustic potash, and a 
once sealing the outer tube with a well-fitting rubber cork. Abou 
one gramme of pyrogallic acid should be allowed for every 10 c.c. o 
potash solution. After twenty-four hours* incubation, the casein o 
the milk will have coagulated and separated from the turbid whey 
A large amount of gas is produced at the same time, and the laye 
of casein is usually blown up the test-tube. If a small quantity o 
the milk whey (1 c.c.), thus containing products of the B. enteritidi 
culture, be injected into a guinea-pig, the animal will die in abou 
forty eight hours ; the peritoneal cavity will be found to be rnucl 
inflamed, and to contain a large amount of fluid. This fluid shouh 
be subculturod upon blood scrum, and in milk under anaerobic con 
ditions ; a portion should also be sealed up in a small glass pipett 
and placed in the cool incubator for some days, in order that spore 
may form. ' 

Rod-shaped and cylindrical bacilli, which stain well by Gram’s method 
will be found in the milk and serum cultures, and in the peritoneal fluid 
Spores will be found in the serum cultures, and in the sealed-up peri 
toneal fluid. 

Klein gives the following dimensions for the bacilli and spores : — 

Bactllm — length, 1*6 to 4*8 /a; thickness, *8 /*. Free spores — length 
1 '6 ; thickness, *8 to 1 ft. 

Bacillm anthracic. — Frankland, in Micro-organisms in Waier^ givei 
the following experiment : — From 1 to 3 c.c. of the water containing 
anthrax spores were mixed with 1 c.o, of sterile broth, and heate< 
for periods of from two to five minutes to 50" C., to 70* C., or t( 
"90“ C., after which they were submitted to ordinary plate .cultiva 
tion. After heating to 60“ U. for five minutes, the 100,000 wate: 
bacteria previously contained in 1 c.c. of the contaminated wate: 
were reduced to from 35 to 39 colonies per c.c., and several of thesi 
were recognisable as colonies of B, anthracis. Heating to 70“ C. fo: 
two minutes reduced the number from 30 to 10 colonies per c.o. 
in which from 4 to 10 were recognised as those of anthrax bacilli 
Heating to 90* C. for two minutes resulted in the appearance o 
only 7 to 10 colonies, of which 3 to 6 were found to be those o 
anthrax. 

Cultivations . — 

Gelatin Surface , — Colonies appear as grey irregular dots after twenty 
four hours* iucubation After from two to three days the margin, whei 
viewed with a lens, may be seen to be made up of twisted fibres. At th( 
same time, commencing liquefaction of the gelatin causes the centre o 
the colony to sink 
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. Agar-agar Plate Gultioations, — Colonies appear in twenty-four hours as 
round, oval, or heart-shaped colonies. Under a lens the surface of each 
colony is seen to be marked with fine lines. In older colonies, twisted 
fibres, like plaits of hair, may be seen. 

Microacojiically^ the bacilli are seen to be short, rod-shaped organisms, 
with square ends, varying from 2 to 10 /a in length and 1 to 1*5 /a in 
breadth. (Chains of these bacilli are usually found. The bacilli stain by 
Gram's method. Spore formation is so well marked that it is not, as a 
rule, necessary to stain specially for spores in order to observe them. In 
inijn'emon specimens^ made from agar-agar plates, the hair-like appearance 
will be seen to be due to chains of bacilli, and the spores will be seen as 
highly refractory vacuole-like bodies. 

SjyfriUum cholera* asiatictie . — 

Cultivation gelatin surface, — In about eighteen hours it begins to 
appear as minute points of growth of an opaque white. The gelatin after 
a few days is liquefied. 

Agar-agar surface. — Moist greyish- white growth. 

Potaio. — Light yellow growth, difficult to see. 

The vibrios under the microscope are seen to be slender rods, curved 
so as to form commas. And two are often joined together, forming 
S-shaped bodies. Several may also be joined to form a spirillum. 

Water may be examined for the cholera vibrio in the following 
manner : — Place 1 00 c.c. in each of five or six sterile conical flasks, 
plugged w’ith cotton-wool ; add to each flask 1 gramme of i)eptono and 
0*5 gramme of sodium chloride. Incubate at 37“ C. for from eight to 
twelve* hours. From the surface of one or all of the liquids prepare films 
and stain them with aqueous gentian-violet or aqueous fuchsinc. If any 
comma bacilli are seen, some of the surface liquid should be diluted with 
sterile water and subcultures made on agar-agar, on which thje organism 
will be visible after ten hours' incubation ; pure cultures may in this way 
be obtained. 

Nitroso-ifidol or Cholera Red Reaction. — Test one of the flasks 
containing the water and peptone, by adding to it a few drops of pure 
sulphuric acid \ if the cholera vibrio is present a distinct crimson hue will 
be obtained after a very few hours' incubation. 

Durham-Gruher Reaction. — Dilute the serum of an animal im- 
munised against cholera with ten times its volume of distilled water. 
Mix this with an emulsion of the suspected vibrios. Incubate in a 
narrow test-tube for one hour at 38“ C. If the vibrios are those of 
cholera, they will collect together as a white deposit at the bottom 
of the tube, the supernatant fluid being clear. The vibrios under 
the microscope will be found to be motionless and aggregated into 
clumps. 

§ 378. Animal forms. — Without taking into consideration various 
animal wator organisms which can be seen with the naked eye (e.g.^ 
water fleas), but confining the attention solely to the microscopic; forms 
of life, there is such an inexhaustible variety of the latter that it 
takes a special study to ascribe each form to its particular species; 
fortunately, this to the analyst is not necessary, and it may at once 
be laid down that if the deposit from a reasonable quantity of water 
(for example, a gallon) exhibits forms of infusorial life, the water 
cannot be pure. For although from all natural water, if a sufficient 
bulk be taken, it is possible to extract life-forms, yet all good drinking- 
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water is devoid of such when moderate quantities are taken for the 
search. There are, however, certain animalcules (types of which are 
figured) that specially point to sewage contamination, such as Amoeba 
(8 in fig. 80), a soft, colourless granular mass, which puts out finger-like 
processes. Kuglma^ which lives on decaying vegetable matter, ie 



Fio. 80. 


1. Colony of Vorticella. 2. Oxytricha lingua. S. Pellionella. 4. Glaucomi 
acintillans. 5. Cillaucoma gibba. 6. Paramcecium aurelia. 7. Paramaecium caudatum, 
8. Amcoba. 9. Ohilodon. 


fusiform, of a red or green colour, very flexible, with a single flagellum 
Vorticella (fig. 1), an oval animalcule attached by a contractile spring-lik< 
pedicle. Paramceeium aurelia (fig. 6), colourless and finely ciliated ; il 
moves swiftly. Contractile vesicles and nucleus conspicuous. li 
addition to these, OercomonoM^ Coilomonas^ and many others will often b< 
observed. Of the larger organisms the most common are Cyclopi 
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(belonging to the Crustacea), Anguillula^ a small colourless worm, and 
NaiSf a worm witli bristles. 

Fres/i-wnter apongas occur as a thin incrustation on objects ; [)ortion8 
often die, putrefy, and impart a disagreeable odour to water. The spiculye, 
in the form of fine needles, arc most indestructible and easy of recognition. 
The presence of sponge in water mains often occurs, and always is a 
misfortune. The examination of a water pipe for sponge is best performed 
by splitting the pipe and scraping the uj>per, not the lower surface, for 
the fresh-water sponge is always found with its crater-like openings 
downwards. 

A genus of colony-building infusoria, not unlike Volrox in general 
appearance, has been discovered in the waters of Massachusetts, and is 
described and figured in 23r(/ Anwmd RepoH of ihi Utate 

Board of llenffh under the name of Uroglena. It is important, because 
it imparts to water a most offensive odour. This odour is apparently not 
a sign of the decomposition of Uroglena, but is evolved wlicn the several 
united colonics disintegrate. 

It will not be necessary to use any special colouring-agents to see 
infusoria, for they are quite sufficiently visible without any special reagent. 
M. A. (Jertes has, iiowever, found out a colouring-matter which concentrates 
itself in certain parts of living infusoria, and may, therefore, be of some 
utility ; this reagent is quinoleine or cyanine, and it appears chiefly to 
colour the fatty parts of the protoplasm. He considers it a reagent for 
liviflg fat.^ 

§ 570. Standards of Purity. — It is now generally admitted that no 
hard and fast standards can be fixed for drinking-waters either from a 
chemical or bacterial standpoint. Kvery water should be judged with a 
full knowledge as to the surroundings of the supply and the geological 
formation from which it is drawn. ♦ 

When waters are kept under constant observation it is often possible 
to draw valuable inferences from slight variations. Especially is this so 
in the case of nitrates, which in unpolluted waters will rarely show any 
great variations at different times. 

With regard to organic carbon and nitrogen, Frankland considers that 
some importance should be attached, not only to the gross amount of 
carbon and nitrogen, but also to the relative proportion they bear to one 
another, and this esjDecially with regard to surface waters. In deep 
springs the limit of organic carbon should be about *1 in 100,000, the 
amount actually found ranging from *02 to ‘1 in 100,000 of water. In 
spring water the ratio of C : N varies from 2 ; 1 to 6 : 1, with an average 
of about 2:1. Surface water derived from cultivated land, containing 
C : N below the proportion of 6:1, and having more than *3 part of 
the carbon in 100,000, with those data supported by other indications, 
should be condemned as unfit for dietetic purposes. In surface water, 
if carbon is to nitrogen as 3 : 1, the organic matter is of animal origin ; 
if it be as high as 8 • 1, it is chiefly, if not exclusively, of vegetable origin. 
The content of organic elements in sewage, of course, varies according to 
its state of dilution ; but it usually averages from four to five parts of 
carbon per 100,000, and from one to two parts of nitrogen per 100,000. 
Frankland divides waters into two sections, according to the results of a 
combustion. 


CfmpUs Esndua, xcii. 425. 
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Skctkjn I. — Upland Surface Water. 

Class I. — Water of great organic purity, containing a portion c 
organic elements (organic carbon and organic nitrogen) not exceeding O’! 
part in 100,000 parts of water. 

Class II. — Water of medium purity, containing from 0‘2 to 0*4 par 
of organic elements in 100,000. 

Class III. — Water of doubtful purity, containing from 0*4 to 0*6 par 
of organic elements in 100,000. 

Class IV. — Impure water, containing more than 0*6 part of organ! 
elements in 100,000. 


Section II. — Water other than Upland Surface. 

Class* I, —Water of great organic purity, containing a proportion c 
organic elements not exceeding 0*1 part in 100,000. 

Class TL — Water of medium purity, containing from 0 1 to 0*2 par 
of organic elements in 100,000. 

Ci.lASS hi. — W ater of doubtful purity, containing from* 0*2 to 0*4 par 
of organic elements in 100,000. 

Class IV, — Impure water, containing upwards of 0*4 pait of orgaui 
elements in 100,000. 

Wanklyn’s standards : — 

“ PnrtB per million. Grain per gallon. 

Albuminoid ammonia, 0*05 0 0035 Great purity. 

,, ,, 0*10 0*0070 Organically safe. 

More than, 0*10 0*0070 More or loss impure. 

Professor Tidy's oxygen process ; — 

Parts ]K:r million. Grain per gallon. 

Oxygen used in 3 houra, 0*5 0*035 Great purity. 

,, ,, 0*5 to 1*6 0*035 to 0*105 Medium purity. 

„ „ 1*6 to 2*1 0*106 to 0*147 Doubtful. 

Blair’s oxygen process at 100” C. ; — 

Parts per million. Grain per gallon. 

Oxygen absorboddess than, 2 0*14 Great purity. 

,, between 2 and 4 0*14 to 0*28 Medium pui'ity. 

„ ,, 4 and 6 0*28 to 0*42 Suspicious (unless ]>eaty). 

,, over, 6 0*42 Impure. 

Blair's classitioation according to organic nitrogen as estimated b; 
KjeldabFs process : — •= 
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Parts per million. 

Grain per gallon. 

GreAt purity. 

Organic nitrogen less than, 0*06 

0*0042 

,, between, 0*06 and 0*12 

0*0042 tf) 0*0084 

Medium purity. 

,, o-ver, 0‘12 

0*0084 

Suspicious unless peaty 
(peaty waters may con- 
tain anything under 0*26 
jMirt per million, 0*0175 
grain j)er gallon, and 
yet be potable). 

M ,, 0*32 

0*224 

To be condemned, even if 
jieaty. 


APraNDlX TO WAT1« ANALYSIS. 

Standard Solutions and Rbaokntb, etc., Alphahetically Aruangkd. 

Parts by Weiyht : Liquids by Measure, 

§ 380. Ammonium Chloride. — (1) Ammonium chloride, ‘3146 part ; 
pui% water, 1000 parts; dissolve, 1 c.c. contains *0001 grm. of ammonia; 
(2) 100 c.c. solution (1) diluted to 1000 c.c. with pure water. 1 o.c.« 
•OOOOl grm, of*Rmmonia. 

Calcic .Cldoride Solution. — Iceland spar, or other pure form of calcic 
carbonate, *1 part. The calcic carbonate is converted into chloride by evapo- 
rating to dryness with pure dilute hydrochloric a(}id, and the cahiic chloride 
thus obtained is dissolved in water and made up to 1000 parts. 

Copjjer Sulj)hate.—B\ilpha.te of copper, 30 parts; pure water, 1000 
parts; dissolve. 

Pipketrylamiue Test for Nitrates. — 1 grm. of diphenylaraine is dissolved 
in 10 to 30 c.c. of absolute alcohol and diluted with 150 c.c. of sulphuric 
acid. A c.c. of this solution, added direct to the water, strikes a blue 
colour in the presence of nitrates, which colour, on dilution, changes to a 
yellow-green. It gives the same colour with nitrites. 

Ferrous ChloHde Solution. — A solution of pure ferrous sulphate is 
precipitated with sodio hydrate, and washed thoroughly with pure water, 
and then dissolved in the smallest possible quantity of pure hydrochloric 
acid. 

Griess' Reagent for Nitrous Acid or Nitrites. — (a.) 1 grm. sulphanilio 
acid, 14*7 grms. glacial acetic acid, 285 c.c. water. 

(B.) 0*2 grm. a-naphthylamine, 14*7 grms. glacial acetic acid, 326 c.c. 
water. Mil equal parts just before use, 

Meiorphenylmediamine. — (a.) 8 grms. meta-phenylenediamine nydro- 
chloride, 1000 o.c. water. 

(b.) Sulphuric acid (1:3). 

Metorphosphofic Acid. — ^Meta-phosphoric acid 100 parts, made up to 
1000 with distilled water; 10 parts should contain no appreciable amount 
ol ammonia. 

Molyhdic Solution, — Molybdic acid, 1 part ; solution of ammonia, 
specific grayity *960, 4 parts; nitric acid, 1*20 specific gravity, 16 parts. 
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The molybdic acid is dissolved in the ammonia, filtered, and ponred wit! 
constant stirring into the nitric acid. It should be kept in the dark, an( 
freed by decantation from any precipitate which may form. 

Ncsslfn' Soluiion , — 35 parts of potassium iodide are dissolved in 100 part 
of water ; 17 parts of mercuric chloride are boiled in 300 parts of watei 
and then cooled. The mercuric solution is added to the i)otassium iodide 
little by little, until a permanent precipitate is produced. The liquid i 
now made up to 1000 parts with a solution of sodic hydrate of 20 per cent 
strength. I^astly, the reagent is made more sensitive hy the final additioi 
of a little more of the mercuric chloride solution, until a permanent pre 
cipitato begins to form. The solution is put on one side to deposit, an( 
the clear li([iiid decanted for use. It is best to keep that intended for us 
in a small bottle, while the larger stock is carefully stoppered down. 

PallwHnm Solution. -Palladium, *1 part is dissolved in nitro-hydro 
chloric acid, and evaporated to dryness at 100“ C., 50 parts of hydrochlorl 
acid are added, and 2000 of water, ultimately making the bulk up t 
2370 parts. 

Potassium Iodide Solution . — (a.) Potassium iodide 1 part in 10 of water 
for use in the oxygen or Forchammer process. 

(».) Potassium icxlide 1, water 100,000, for use in the voliimetrica 
estimation of iodine. 

Potassium Monochromate. — Potassium monochromate 50 parts, dis 
solved in 1000 parts of distilled water. To ensure absence of chlorides i 
is recommended to add a little nitrate of silver until a permanent •rec 
precipitate forms, which is allowed to settle, and the clear solution used. 

Potassium Permamjanate, — (a.) Alknlim — Potassium permanganate 1 
parts; potassium hydrate 200 parts; distilled w'ater 1100 parts. Thi 
solution is boiled rapidly down to 1000 parts, and kept in properl j 
stoppered bottles. 

(b.) Stolid ard Volumetric Solution for Oxt/yen Process. — *395 part o 
potassic permanganate is dissolved in 1000 of >vater. Each c.c. contain! 
*0001 gramme of available oxygen, and each one grain contains *000] 
grain. 

Stiver Nttrnt€f Standard Solution of. — 4*7887 parts of silver nitrate 
are dissolved in pure water, and made up to 1000 parts. The solutioi 
may be stiindardised, if necessary, by the sodium chloride solution, 1 c.c 
= *001 grill, chlorine; 10 grains— *01 grain chlorine. 

Soa^iy Standard Solution of . — 150 parts of lead plaster are triturated 
in a mortar with 40 parts of dry potassic carbonate, and made into a cream 
with the addition of absolute alcohol ; wiien dissolved, filter, and by the 
addition of water reduce the alcoholic strength to that of proof spirit. The 
solution of soap is then reduced to the proper strength by proof spirit 11 
working in c.c. and grms. it should be of such a strength that 14*25 c.c 
are required to form a permanent lather with 60 c.c. of the calcic chloride 
solution ; if working in grains, then it will be most convenient to make it 
of that strength that it just forms a permanent lather when 180 grain 
measures are shaken with 1000 grain measures of the standard calcic 
solution, ecpialling water of 8“. 

Sodium Cldoride Solution — 1*648 parts of pure sodium chloride arc 
dissolved in water, and the solution made up to 1000 parts. Pure sodium 
chloride can be obtained by passing hydrochloric acid gas through a satu- 
rated^ solution of commercial sodic chloride ; a precipitate of pure sodic 
chloride falls, w hich may be collected, and dried in the hot air oven at 260 ' 
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to 300*. Each c.c. contains '001 gnu. cliloriue, or each grain contains 
*001 grain chlorine. 

Sodium iitjdratc^ Solution for Eidirnation of Nitrates. — 66 parts of 
metallic sodium arc dissolved little by little in 1000 parts of water. 

Sodir Hypomlphite. — One part of crystallised sodium hyposuli)liite in 
1000 parts of water. 

Sodic Nitrite Solution. — *406 part of silver nitrite is dissolved in a 
little distilled water, and pure sodic (ddoridc is added until no more 
argentic chloride is thrown down. Dilute with water to 1000 ]^rts. 
Allow to settle. Then of the clear soliititm take 100 parts, and dilute to 
1000 ; 1 c.c. ecpials *00001 grin, of N0O3; similarly each 10 grains equals 
0001 grain. 

Starch SohiH<ni. — 1 part of starcdi is rubbed up with 20 ])arts of 
boiling water. The liquid is filtered, boiled, and after being allowed to 
stand for twenty-four hours, the clear liquid is syphoned oil*. 

Sulfdmric Arid (/'v/re).— Pure suljihuric acid is obtained by heating 
the strong acid with a few crystals of potassic p(?rmanganate until the 
green colour is permanent. It may still contain nitrogen as ammonia. 
Blair purifies the acid from ammonia as follows : — 6 c.c of the purified 
acid are neutralised with ammonia-free soda, the mixture distilled, and the 
ammonia est imated in the distillate j then the amount of sodium nitrite 
necessary to destroy the ammonia is calculated from the equation — 

. ^ Nlla-fNaN0.^=H20-fNaT10-fNa. 

Each part of ammonia will require four times its weight of sodic, or 
five times its weight of potjussic nitrite to satisfy the erpiation. A slight 
excess of this quantity is added to the acid and the a(5id heated on a sand- 
bath, and the drops distilled, tested, from time to time, for nitrous acid by 
means of starch and potassium iodide ; when the distillate it* free from 
nitrous acid, the operation is finished, and the acid is (for the purposes of 
water analysis) pure— that is, free from carbon and free from nitrogen. 

Zinr Iodide Starch Solution.— A grins, of starch are triturated in a 
mortar with a little water and transferred little by little to a boiling solu- 
tion of 20 per cent, zinc chloride. The heating is continued, rejilacing the 
water from time to time, until the starch is dissolved and the fluid is almost 
colourless ; the liquid is then diluted, and, after adding 2 grnis. of zinc 
iodide, filtori'd ; the filtration is slow, but a clear filtrate can ultimately be 
obtained, which, kept in closed bottles in the dark, preserves its properties 
for an indefinite time. On acidifying with sulphuric acid, if properly 
made, there should bo no blue colour produced. 


[Tablis. 
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TABliE LXVIII.— Reduction of Cubic Centimbtkes of Nitbookn to Grammes 

<*Hch ttiiiih of u dei^ree from 0'^ to 30^' 0, 

+0-003«7 ) ^ 


1 

C.C. 1 

i 

0-0 

01 i 

0*2 1 

o 

0*4 

0*5 

0*6 

07 

0*8 

0*9 

T 

0 

6 -21 824 

808 

793 

777 

761 

745 

729 

715 

697 

681 

1 

665 

649 

633 

617 

601 

586 

570 

554 

538 

522 

2 

507 

491 

475 

459 

443 

427 

412 

396 

380 

364 

3 

319 

333 

318 

302 

286 

270 

255 

239 

223 

208 

4 

192 

177 

161 

145 

130 

114 

098 

083 

067 

051 

r, 

035 

020 

004 

♦989 

*973 

*957 

*942 

*926 

*911 

*895 

6 

■6*20879 

861 

848 

833 

817 

801 

786 

770 

755 

739 

7 

723 

708 

692 

676 

661 

615 

620 

634 

598 

5S3 

8 

567 

552 

536 

521 

505 

490 

174 

459 

443 

428 

i) 

413 

397 

382 

366 

351 

335 

320 

304 

2S9 

274 

10 

259 

214 

228 

213 

198 

182 

167 

351 

136 

121 

11 

106 

090 

075 

060 

015 

029 

OH 

*999 

♦981 

*969 

12 

6*19953 

938 

923 

907 

892 

877 

862 

846 

831 

816 

13 

800 

785 

770 

755 

710 

724 

709 

694 

679 

664 

U 

648 

633 

618 

603 

588 

573 

558 

543 

528 

513 

15 

497 

482 

467 

452 

437 

422 

407 1 

392 

377 

362 

lU 

316 

331 

336 

303 

286 

271 

256 i 

241 

226 

211 

17 

196 

181 

166 

153 

136 

121 

106 

091 

076 

061 

18 

046 

031 

016 

o 

o 

*086 

j 

*971 

*956 j 

*941 

*926 

*911 

19 

618897 

882 

867 

852 

837 1 

822 

807 

792 

" 777 

762 

20 

748 

733 

1 718 

703 

688 

673 

659 

644 

6*29 

614 

21 

600 

585 

570 

555 

540 

526 

511 

496 

481 

166 

22 

452 

•137 

422 

408 

393 

378 

363 

349 

334 

319 

23 

305 

290 

275 

2 >3 

246 

231 

216 

202 

187 

172 

21 

158 

143 

128 

114 

099 

084 

070 

055 

on 

026 

25 

012 

♦997 

*982 

*968 

*953 

*938 

*924 

*909 

*895 

•880 

26 

617866 

851 

837 

822 

808 

793 

779 

764 

750 

735 

?.7 

721 

706 

692 

677 

663 

648 

634 

619 

605 

590 

28 

576 

561 

547 

532 

518 

503 

489 

475 J 

460 

446 

29 

432 

417 

403 

388 

374 

360 

345 

331 

316 

302 
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TABLE LXIX.— For the Calculation of Total Solids from Fat and 
S i'KoiKio Oravity (Richmond). 



Fat per cent. 

specific 

Gravity. 

1 

*2 

1 

•3 

*4 

*5 

*6 

*7 

*8 

•9 

It) 


Total Solids per c<'nt. 

220 

r.-77 

.'i-so 

G'Ol 

613 

G*25 

6*37 

1 

6*49 j 

6*61 

6*73 

6*85 

22 '5 

5 00 

G*02 

G-14 ; 

6*26 

6*38 

6 *.50 

6*6*2 ! 

6*74 

6*86 1 

6*98 


«-02 

G-14 

G-2G 

6*38 

6*50 

6*62 

6*74 1 

6*86 

6*98 ' 

7*10 

235 

6-15 

G-27 

G-39 

6*51 

G*G3 

6*75 

6*87 

i 

6*99 

7*11 

7-23 

■n 

6-27 

6*39 

6*rd 

G-G3 

6*75 

6*87 

6*99 

7*11 

7 *23 

7-35 

24-5 

G-40 

6*.'i2 

C*G4 

G*7G 

G-R8 

7*00 

7*12 

7*24 

7 *36 

7*48 


6*52 

6*64 

6*76 

G-88 

7*00 

7*12 

7*24 

7*36 

7*18 

7*60 

25-5 

G-ti5 

6-77 

G-89 

7*01 

713 

7*25 

7*37 1 

7*19 

7*61 

7-73 

■H 

6*77 

6*89 

7*01 

7*13 

7 **25 

7-37 

i 

7*49 

7*61 

7*73 

7*85 

26‘5 

» 6-90 

7*02 

7*14 

7*26 

7*38 

7*50 

7*62 

7*71 

7*86 

7*98 

imiim 

7-02 

7*14 

7*26 

7-38 

7*50 

7*G2 

7*74 

7*86 

7*98 

8T0 

l»27-5 

7.-1D 

7-2J 

7*39 

7 n 

7*63 

7*75 

7-87 1 

7*99 

8*11 

8*23 

28-0 

7*27 

7*39 

7*51 

7*63 

7*75 

7-87 

7-99 

8*11 

8*23 

8*35 

28-5 

7*30 

7*51 

7*G3 

7*75 

7*87 

7*99 

8*11 

8*23 

8 ♦do 

8*47 

29-0 

7-52 

7*64 

7*76 

7*88 

8*00 

8*12 

8*24 

8 '36 

8*48 

8*60 

29 ‘5 

7 '64 

7*76 

7*88 


8*12 

8*24 

8*36 

8*48 

8*60 

8*72 

sot) 

7*77 

7*89 

8-01 

8*13 

8*25 

8*37 

8*49 

8*61 

8*73 

8*85 

?30*6 

7-89 

8*01 

8*13 

8*25 

8*37 

8*49 

8*61 

8*73 

8*85 

8*97 

31t) 

8*02 

8*14 

8*26 

8*38 

8*50 

8*62 

8*74 

8*86 

8*98 

9*10 

31-5 

8*14 

8*26 

8*38 

! 

8*50 

8-»;2 

8*74 

8*86 

8*98 

9ao 

9*22 

32*0 


8*38 

8*50 

8*62 

!s.7. 

8*86 

8*98 

0*10 

'9*22 

9*34 

. 32 *5 



1 8*62 

8 74 

1 8*86 

8*98 

9*10 

9 "22 

9*34 

9*46 

33t) 



8*75 

8*87 

8*99 

9*11 

9*23 

9*35 

9*47 

9*59 

336 


n 

8*87 

8*99 

9*11 

9*23 

9*35 

1 

9*47 

9*59 

9*71 

" 34 0 

8-75 

8*87 

8*99 

9*11 

9*23 

9*35 

9*47 

9*59 

9*71 

9*83 

. . 34 *6 

8*88 

9*00 

9*12 

9*24 

9*36 

9*48 

9*Cu 

9*72 

9*84 

9*96 . 

^ 36 1) 

9-00 

9*12 

9*24 

9*36 

9*48 

9*60 

9*72 

9*84 

9*96 

10*08 

Jt35*6 

912 

9*24 

9*36 

9*48 

9*60 

9*72 

9*84 

9*96 

10*08 

10*20 

S'lea 

9*24 

9*36 

9*48 

9*60 

9*72 

9*84 

9*96 




t:»-S 

9'3G 

9*48 

9*60 

9*72 

9*84 

9*96 

■TiMtTS 


10*32 



9*49 

9*61 

9*73 

9'86 

9*97 

10*09 


10*33 




9*61 

978 

9*85 

9*97 

10*09 

10*21 

|H 


m 

10*89 . 
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Iaulk LXIX. — Fok the (Ui.nuLATHJN OK ToTAr, Solids fuom Fat and 
SnioiKtJ- OuAVi ry (KiciiMnNi))_rrm</H#^y.Y^. 


Sjxvilio 
(irii\ ily. 

220 

22-5 

230 

235 

F;it ]K*r cj'iil. 



11 1 1-2 13 1 14 15 

1*6 

17 

1*3 

19 ! 20 

<; •U7 
7*10 

ToUiJ Solids |)fr coiit. 


7-09 

7-22 

7*31 

7*17 

j 7-21 
! 7 31 

7- 16 

7 oO 

7 33 
7*16 

7 58 
771 

7-15 

7-58 

7*70 

7-83 

7*57 

7 *70 

7 82 

7 95 

7 -«; i » 

7 82 

7 94 
8*07 

7 81 

, 7 91 

8-06 

8 19 

7 -93 
8-06 
; 8'is 
i 8 '31 

1 

1 

8-05 

8-18 

8-30 

8*43 

240 
24 5 
250 
255 

7*17 

7 •()() 
7*72 
7 *. sr . 

7 •:»!) 
7-72 
7-M 
7-97 

7‘71 
7-84 
' 7-96 
i 8-09 

j 

7 *83 

7 96 
8-08 

8 21 

7 - 95 
8*08 
8*20 

8 - 33 

8-07 

8-20 

8*32 

8-45 

8-19 

8-32 

8*11 

8-57 

8 31 
8-44 
8-56 
8-69 

8-13 

8-56 

R-68 

8-81 

8-55 

8-68 

8-80 

8-93 

26 0 
265 
27 0 
275 

7 * i)7 

8-10 

8-22 

8 : j :» 

8 -09 
8-22 
8-34 
8-17 

1 

8-21 
8-34 
8 - J6 
; 8-59 

1 

8-33 

8-16 

8-58 

8-71 

8-15 

8-58 

8-70 

8-83 

8-57 

8-70 

8-82 

8*95 

8 *69 
8-82 

8 - 94 

9 - 07 

8-81 

8- 91 
9*06 

9 - 19 

8*93 

9 - 06 . 

0-lS 

9*31 

9-05 
; 9-18 

9-30 
9 - 43 » 

28 0 

28 5 

29 0 
295 

8*17 

8 * M > 
8*72 
8-81 

8 - r.9 
« s-7 J 
8-8 1 

8 -96 

1 8-71 

1 8-83 
i 8-96 
! 9-08 

1 

8 '83 

8 - 95 

9 - 08 
9-20 

8 95 
9-07 
9*20 
9*32 

9-07 

9-19 

9-32 

9*11 

9-19 

9*31 

9-44 

9*56 

9-31 

9*13 

9*56 

9-68 

9*43 

9-55 

1 9-68 

1 9-80 

9-55 

9-67 

9-80 

9-92 

300 

30*5 

310 

31*5 

8 97 
9*09 
9-22 
9*34 

9-09 

9-21 

9-34 

9-46 

9-21 

9-33 

9-46 

9-58 

9-33 

9-15 

9-58 

9-70 

9-45 

9 57 
9-70 
9-82 

9-57 

9-69 

9-82 

9-91 

9-69 

9-81 

9*91 

10-06 

9 81 
9-93 
10-06 
10-18 

9 93 
10-05 
10-18 
10-30 

10-05 

10-17 

10-30 

10-42 

320 

32 5 
330 
33*5 

9 - 4(5 

9 - 7.8 

9*71 ' 
9 '83 

9 - r.8 

9-70 

9-83 

9-95 

9-70 

9-82 

9-95 

10-07 

9*82 

9-94 

10-07 

10-19 

9*91 

10-06 

10-19 

10-31 

10-06 

10-18 

10-31 

10-43 

10-18 

10-30 

10-43 

10*55 

10-30 
10-42 j 
10-55 
10-67 ! 

10-42 

10-54 

10-67 

10-79 

10*54 

10-66 

10*79 

10-91 

340 

34-5 

35*0 

355 

9 - or . 
10*08 
10-20 
10-32 

10-07 

10-20 

10-32 

10-44 

10-19 

10-32 

10-44 

10-56 

10-31 

10-44 

10-56 

10-68 

10*43 

10-56 

10-68 

10-80 

10-55 

10-68 

10-80 

10-92 

10-67 

10-80 

10 - 92 

11 - 04 

10-79 

10 - 92 

11 - 04 
11-16 

10 - 91 

11 - -04 
ii-io 
11*28 

11-03 

11-16 

11-28 

11*40 

36*0 

36*5 

37*0 

375 

10-44 

10 - 7)6 

10-69 

10-81 

10-66 

10-68 

10-81 

10-93 

10-68 

10-80 

10-93 

11*06 

10-80 

10 - 92 
11*05 

11 - 17 

10 - 92 

11 - 04 
11-17 
11-29 

11-04 

11-16 

11-29 

11*41 

1116 

11 - 2S 

11-41 

11-53 

11-28 

11-40 

11-58 

11*65 

11*40 

11-52 

11-65 

11*77 

n -62 

11-64 

11 - 77 ^ 
11-89 
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Table LXIX.— For the Calotilation of Total Solids from Fat and 
Spkcifio Gravity (RicMMoND)-f<m/Mn«^. 



Fat i»or cent j 

Specific 

Gravity. 

2*1 

2 2 2 3 2 4 j 

2*5 

2*6 1 

2 7 2*8 2*9 i 3*0 

! 1 



Total Solids per cent. 

22 0 
22*5 
230 
235 

8-17 

S-A-2 
8-:m j 

8*29 

8*12 

8*51 

8*67 

M 


8*77 1 

8- 90 
9*02 ! 

9- 15 1 

! 

8-89 9*01 9-13 1 

9*0*2 9*14 9 "26 

9*14 9 *‘26 9*38 

9*27 j 9*39 9*51 

^ ‘ 

9-25 

9*3S 

9*50 

9*63 

240 

245 

250 

25*5 

8-(J7 

8-80 

8 -{PJ 
H*or. 

8-79 

8 *92 
9*01 
9*17 

8- 91 9-03 

9- 04 9*16 

9*16 1 9*28 

9*29 1 9*41 

; 

9-15 

9-28 

9-40 

9*53 

9-27 > 
9*40 
9-52 
9-65 

9*39 1 9*51 ^ 
9*52 : 9*64 
9*64 ; 9*76 , 

9*77 1 9*89 j 

1 

9-63 

9*7<» 

9-SS 

10*01 

9*75 

9*88 

10*00 

10*13 

26*0 
26*5 
27*0 
• 27 5 

9-17 
9-80 
• 9*42 

9*55 

• 

9*29 

9*42 

9*51 

9*()7 

• 

9-<n 1 
9*51 : 
9-66 1 
9*79 j 

9*53 

9*66 

9*78 

9*91 

9*65 

9*78 

9*90 

10*03 

9-77 

9-90 

10*02 

10-15 

9-89 10*01 
10*02 10*14 

10*11 10-26 
10-27 j 10-39 

10-13 

10-26 

10-38 

10-51 

10-25 

10*38 

10*50 

10*68 

28*0 

285 

1 290 
29*5 

9*07 

9*79 

9-92 

10*04 

9*79 

9*91 

10*04 

10-16 

i 

9*91 

10*03 

10*16 

10*28 

10*03 

10*15 

10*28 

10*40 

10-15 

10-27 

10-40 

10*52 

10-27 

10-39 

10-52 

10*64 

10-39 ’ 10*51 
10-51 10-63 

10-64 10-76 

10-76 10*88 

10- 63 
ip ‘75 
l(f-88 

11- 00 

10*75 

10- 87 

11- 00 
11-12 

300 
i 30*5 
310 
315 

10 17 
10 29 
10 <12 
10-:, 4 

10-29 

10*41 

10-54 

10-66 

10-41 

10-53 

10-66 

10-78 

10-53 

10-65 

10*78 

10-90 

10-65 

10-77 

10-90 

11*02 

10-77 

10- 89 
11*02 

11- 14 

10- 89 ! 

11- 01 ; 
11-14 
11-26 

11 -01 
11-13 
11-26 
11-38 

11-13 

11-25 

11-38 

11-50 

■ 

32*0 

32*5 

330 

33*5 

10-66 

]()-78 

10- 91 

11- 03 

10-78 

10- 90 

11- 03 
11-15 

10- 90 

11- 0-2 
11-15 
11-27 

11 02 
11-14 
11-27 
11*39 

11*14 
if *26 
Jl*39 
11*51 

11-26 

11-38 

11-51 

11-63 

11-38 

11-50 

11-63 

11-75 

11-50 
11 •62 
11-75 
11-87 

11 -62 
11-71 
11-87 
11-99 

11-74 

11-86 

11- 99 

12- 11 

34*0 

345 

350 

355 

11*15 

11-28 

11*40 

11*52 

11-27 

U-10 

11*52 

11*64 

11*39 

11*52 

11*64 

11*76 

11*51 

11-64 

11*76 

11-88 

11*63 

11*76 

11*88 

12*00 

11*75 

11*88 

12-00 

12*12 

11- 87 

12- 00 
12-12 
12-24 

11- 99 

12- 12 
12-24 
12-36 

i 

12-11 

12-24 

12-36 

12-48 

12-23 

12-36 

12-48 

12*60 

380 
; 365 

; , 870 
; 37-6 

11-64 

11*76 

11*89 

12*01 

11- 76 
11*88 

12- 01 
12-13 

11*88 

12-00 

12*13 

12*25 

12-00 

12-12 

12-25 

12*37 

. 

12*12 
12 **24 
12*37 
12*49 

12*24 

12-36 

12*49 

12*61 

12-36 

12-48 

12-61 

12-73 

12-48 
12*60 
; 12*73 

1 12-85 

i 

12-60 

12-72 

12*85 

12-97 

12-72 

12- 84 
12*97 

13- 09 
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TABLE LXIX.— Foe the Calculation of Total Solius from Fat aiJd 
S i'EciFio Gravity (Richmond) — coinJUnacd. 


Fat jier cent. 


Sp ( K‘ific 

Gravity . 

1 _ 

3*1 

1 

I 3*2 

33 

3*4 

3-5 

3*6 

* 37 

3-8 

3*9 

4-0 


Total SolidK per cent . 

22 0 

9*a7 

I 9-49 

! 9*01 

i 9*73 

9 85 

9*97 

10-09 

10-21 

10-33 

10*46 

22 5 

u-r.o 

, 9-62 

1 9-74 

' 9*86 

9-98 

10-10 

10-22 

10-31 

10-40 

10*58 

23 0 

U - G ‘2 

I 9-71 

9*80 

1 9-98 

10-10 

10 - 2*2 

10-31 

10-46 

10-58 

10*70 

23 5 

9*75 

9-87 

9-99 

j 10-11 

1 

10-23 

10*35 

10-47 

10-59 

10-71 

10*83 

24 0 

9-87 

9-09 

10-11 

j 10-23 1 10-35 

10*47 

10-59 

10-71 

10-83 

10*96 

24-5 

10-00 

10-12 

; 10-21 

1 10-36 

1 10-18 

10-60 

10-72 

10-84 

10-90 

11*08 

25 0 

10-12 

10-24 

! 10-36 

; 10-18 

10-60 

10-72 

10-84 

10-96 

11-08 

11*20 

25 5 

10-25 

10-37 

: 10-19 

I . . 

10-61 

10-73 

10-85 

10-97 

11-09 

11*21 

11*33 

26 0 

10-37 

10-49 

' 10-61 

1 10-73 

10-85 

10*97 

11*09 

11*21 

11-33 

11*46 

26-5 

10-50 

10-02 

10-74 

10*86 

10-98 

11*10 

11*22 

11*34 

11*40 

11*58 

270 

10-02 

10-74 

10-80 

I 10*98 

IITO 

11*22 

11*34 

11-46 

11 • 5 i .. 

11*70 

27-5 

10*75 

10-87 

1 10-99 

1 11*11 

i 

11-23 

11*35 

11*47 

11*59 

n-71 

11 -Sf 

28 0 

10*87 

10*99 

11-11 

11-23 

11-35 

11*47 

11*59 

11*71 

11 -83 

11 * 96 , 

28’5 

10*99 

11-11 

11-23 

11*35 

11*47 

11*59 

11*71 

n *83 

11*95 

12*07 

29 0 

11*12 

11 -Jl 

11-36 

11-48 

11*60 

11*72 

11*84 

11 *96 

12-08 

12*20 

29-5 

11*24 

11*30 

I 11*48 

11 *60 

11*72 

11-84 

11 *96 

12*08 

12-20 

12*32 

30*0 

11*37 

11*49 

11-61 

> 

11*73 

11-85 

11-97 

12*09 

12*21 

12*33 

12*46 

30*5 

11 *19 

11*61 

11-73 

11*85 

11-97 

12-09 

12*21 

12*33 

12*45 

12*67 

31*0 

11 •«2 

11-74 

11-86 

11*98 

12-10 

12-22 

12*34 

12*46 

12*58 

12*70 

31*6 

11*74 

11*86 

11-98 

12*10 

12-22 

12-34 

12*46 

12*58 

12*70 

12*82 

32*0 

11-86 

11*98 

12*10 ! 

12*22 

12*34 

12*46 

12*58 

12*70 

12*82 

12*94 ' 

325 

11*98 j 

12*10 

12*22 

12*34 

12^46 

12*58 

12*70 

12*82 

12*94 

mEmai 

33*0 

12-11 i 

12*23 

12*35 i 

12*47 

12*59 

12*71 

12*83 

12*95 

13*07 

13 * 19 : 1 

33*6 

12*23 

12*35 

12*47 

12*59 

12*71 

12*83 

12*95 

18*07 

13*19 

13*31 J 

34*0 

12*35 

12*47 


m 

12*83 

12*96 

13*07 

13*19 

18*81 

is-isv ’ 

34*5 

12-48 I 



lESSI 

12*96 

13*08 

13*20 

13*32 

13*44 

18-64. i 

35*0 

12-60 ! 

12*72 

12*84 

12-96 

13*08 

13*20 

13*32 

13*44 

13*66 

18-88' ] 

35*5 

12*72 

12*84 

12*96 , 

13*08 

13*20 

13*32 

13*44 

18*56 

13*68 

■1 

36*0 

' 12*84 

12*96 

13*08 

18*20 

13*82 

18*44 

13*56 

18*68 

18*80 


36*5 

12*96 

13*08 


18*32 

18*44 

13*66 

13*68 

18*80 

13*92 


67*0 

13*09 

13*21 

13-83 

13*46 

13*57 

13*69 

18*81 

18*98 

14*05 

14*^1 

37*6 

13*21 

18*38 

18*46 

18-67 

. 18*69 

13*81 

18*98 

14*06 

14*17 




















WiiTiMf: 5-3 

Table LXIX.~Foii the Calculation of Tofal Solids from Fat and 
Specific Graviit (Richmond)— 

Fat jier cent. 

1 ^ 1 ^. 1 ^■2 I 4-3 4-4 4 € j 4-6 47 4-8 I 4-9 ' Sfl 

Total Solids jmt cent. 


10 *67 ; 10-1)V) 
10-70 I 10 8-J 
lO-Sli ' 10*<H 
]0-9r. : 11-07 
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Table LXIX.- F011 the Oaloblation op Total Solids from Fat 
AHi) Srp.ciFic Oravity (Richmond)— coBiinuai. 







Fat j>cr cent. 




11 

Specific 

(travity. 

5*1 

5*2 

5*3 

5-4 

5*5 

6-6 

5-7 

5-8 

5*9 

60 





Total Solids per cent. 




22 0 

11*77 

1 1 * S 9 

12*01 

12*13 

12*25 

12*37 

12-19 

12*61 

12*73 

12*85 

225 

11 -00 

12*02 

12*1 1 

12 * 26 . 

12*38 

12*50 

12-62 

12*74 

12*86 

12‘98 

23 0 

12*02 

12*14 

12*26 

12*38 

12*50 

12*62 

12-74 

12*86 

] 2*98 

IS *10 

23-5 

12*1 fi 

12*27 

12*39 

12*51 

12*63 

12*75 

12*87 

12*99 

13*11 

13 ’23 

24*0 

12*27 

12*39 

12*51 

12 63 

12*75 

12-87 

12*99 

13*11 

13*23 

18*35 

24*5 

12*10 

12*52 

12*64 

12*76 

12*88 

13*00 

13*12 

13*24 

13-36 

13*48 

25*0 

12*52 

12*64 

12*76 

12*88 

13 00 

13*12 

13*21 

13*36 

13*48 

13*60 

25*5 

12 *(55 

12*77 

12*89 

13*01 

13 13 

13*25 

13*37 

13*49 

13*61 

13*78 

26 0 

12*77 

12*89 

13*01 

13*13 

13-25 

13*37 

13*49 

13*61 

13-73 

13*85 

26-5 

12*90 

13*02 

13*11 

13-26 

13*38 

13*50 

13*62 

13*74 

13*86 

18*98 

27*0 

13 *02 

13*14 

13*26 

13*38 

13 * r »0 

13*62 

13*74 

13*86 

13^8 

14*10 

27*5 

13*15 

13*27 

13*39 

13*51 

13*63 

13*75 

13*87 

13*99 

14*11 

14*28 

28*0 

13*27 

... 

13*39 

13*51 

13*63 

13*75 

13*87 

13*99 

14*11 

14*23 

14*35 

28*5 

13*39 

13*51 

13*63 

13*75 

13*87 

13*99 

14*11 

14*23 

14*35 

14*47 

29*0 

13*52 

13*64 

13*76 ' 

13*88 

14*00 

14*12 

14*24 

1 14*36 

14*48 

14*60 

29*5 

13 * U 4 

13*76 1 

13*^88 ' 

1 

1 1*00 

14*12 

14*21 

14*36 

1 14*48 

14*60 

14*72 

30*0 

13*77 i 

i 18*89 

1 1*01 

14*13 

14*25 

14*37 

14*'19 

14*61 

14*73 

14*85 

30*5 

13*89 

14*01 

14*13 

14*25 

14*37 

14*19 

14*61 

14*73 

14*86 

14*97 

31*0 

14*02 

14*11 

14*26 

14*38 

14*50 

14*62 

14*74 

14*86 

14 98 

16*10 

31*5 

14*14 

1 14*26 

14*38 

14*50 

11*62 

14*74 

i 

14*86 

i 

14*98 

15*10 

16 * 22 , 

32*0 

14*26 

14*38 

14*50 


14*74 

14'86 ' 

14*98 ' 

16*10 

16*22 

15*84 

325 

14*38 

14*50 

14*62 

14*74 

14*86 

14*98 

15*10 ' 

16*22 

15*34 

16*46 

33*0 

14*51 

14*63 

14*75 

14*87 

14*99 

15*11 

15*23 , 

16 35 

16*47 

16 * 69 ; 

33*5 

14*63 

14*75 

14*87 

14*99 

16*11 

16*23 

15 36 

15*47 

15*59 

16 - 71 V 

34*0 

11*76 

14*87 

14*99 

15*11 

15*23 

15-35 

15*47 ! 

16*59 

15*71 

16*88 ■ 

34*5 

14*88 ! 


16*12 

15*24 

15*36 

16*48 

15*60 

16*72 

. 15*84 

16 * 96 ^; 

35*0 

15*00 

15*12 

16*24 

15*36 

15*48 

15*60 

16*72 

16 * 84 ; 

15*96 


35*5 

15*12 

15*24 

15*36 

15*48 

15*60 

15*72 i 

! 

16*84 

16*96 1 

16*08 

16*20 

36*0 

15*24 

16*86 

16*48 

15*60 

15*72 

1 

16*54 ' 

15*96 

i 

10*08 i 

16*20 


36*5 

15*36 

15*48 

15*60 

16*72 

15*84 

15*96 

16*08 

16*20 1 

16*32 

w # 

37*0 

16*49 

16*61 

15*73 

16*85 

15*97 

16*09 i 

16*21 

1 16*33 

16*46 

37*6 

15*61 

15*73 

] a 5*86 


16*09 

16*21 , 

1 

16*33 

16*45 

16*67 












APPENtXfX; ^ 


Table LXIX.— Fob tub Calculation of Total Solids from Fat 
AND Specific Gravity (Richmond)— 




Fat ])(T cent. 



Fat jicr cent. 

Specific 

Gravity. 

61 

6*2 

6*3 

6*4 

6*5 

Specific 

Gravity. 

61 

6*2 

6*3 

6*4 

6-5 



TotarSolids per coni. 




Total Soli«ls }) 

•r cent. 


220 

12*97 

13-09 

13-21 

13-33 

13-45 

30*0 

1 1-97 

15-09 

15-21 

15 -.33 

15-45 

22*6 

1,‘J-IO 

13-22 

13-31 

13-40 

13*58 

30*5 

15-09 

15-21 

15-33 

15-45 

15-:>7 

23 0 

13*22 

13-31 

13-4(3 

13*58 

13-70 

31*0 

15-22 

15 -.34 

15-40 

15-58 

15*70 

23-5 

18 35 

13-17 

13*59 

13-71 

13-83 

31*5 

15-34 

'15-46 

15 -.58 

15 70 

15-82 

24 0 

13 •17 

13 -.59 

13-71 

13-83 

13-95 

32-0 

15 -40 

15 -.58 

15-70 

15-82 

15-91 

24 5 

13-00 

13-72 

13-84 

13-90 

14-08 

32*5 

15-58 

15-70 

15-82 

15-94 

10-00 

250 

13-72 

13-84 

13-9(> 

14-08 

14-20 

33*0 

15-71 

15*83 

15-95 

10-07 

10-19 

25-5 

13-85 

13-97 

14-09 

11-21 

14-33 

33*5 

15 -83 

15 95 

10-07 

16-19 

16*31 

26 0 

13-97 

14-09 

14-21 

14*33 

M-15 

34*0 

15-95 

16*07 

10*19 

16 31 

16-43 

26*5 

11-10 

14-22 

14*34 

14-40 

14 -.58 

34*5 

10-08 

10*20 

1() 32 

10-44 

16 -.56 

27 0 * 

1 • -22 

14-34 

14-46 

14 -.58 

14*70 


16*20 

16*32 

10-14 

10-50 

16-68 

27*5 

14-35 

1 

14-47 

m 

14-59 

14*71 

14*83 

35*5 

16*32 

10-14 

10-50 

16*08 

16-80 

28*0 

1 i-47 

1 14-59 

14-71 

14-83 

14*95 


10*44 

16-50 

10-08 

10-80 

10-92 

28*5 

14-59 

14-71 

14-83 

14-95 

15*07 

36*5 

16*56 

10-68 

10-80 

10-92 

17*04 

290 

14-72 

14-84 

14-96 

15-08 

15*20 


16*09 

10-81 

10-93' 

f 17*05 

17*17 

29*5 

14-84 

' 14-90 

. 15-08 

15-20 

15-32 

1 375 

10*81 

10-93 

17*05 

17*17 

17*29 



APPENDIX IT. 


THE SALE OF FOOD AND DRUGS ACT, 1876. 

'An Act to Repeal the Adulteration of Food Acts, and to Make Better 
Provision for the Sale of Food an» Drugs in a Pure State. [88 & 89 
• Viot., ch. 68.] 

Whereas it is dfisirable that the Acta now in force relating to tlie adulteration of food 
should bo repealed, and that the law regarding the sale of food and drugs in a pure and 
Ifenuine conaitiou should be anionded : 

Be it tlierefore enacted by the Queen’s most Excellent Majesty, by and with the advice 
"and consent of the Lords Spiritual and Temporal, and Commons, in this present Parlia- 
ment assembled, and by the authority of the same, as follows : 

1. From the commencement of this Act, the statutes of the twenty-third and twenty- 
■ fourth of Victoria, chapter eighty-four, of the thirty-first and thirty-second of Victoria, 

chapter one hundred and twenty-one, section twenty-four, of the thirty-third and thirty- 
fourth of Victoria, chapter twenty six, section three, and of the thirty-fifth and thirty- 
^ sixth of Victoria, chapter seventy-four, shall be repealed, except in regard to any appoin<-r 
^rnent made under them and not then determined, and in regara to any ofienoe committed 
against them or any prosecution or other act commenced and not concludf^l or completed, 
and any imymont of money then due in re8][»ect of any provision thereof. 

2, The term “ food ” shall include every article used for food or drink by man, other 
. than drugs or water ; 

The term ‘ ‘ drug ” shall include medicine for internal or external use : 

The term “ county ” shall include every county, riding, and division, as well as every 
ihDUuty of a city or town not being a borough ; 

The term “justices” shall include any police or stipendiary magistrate invested with 
powers of a justice of the peace in England, and any divisional justices in Ireland. 


Description of Offences. 

8. No person shall mix, colour, stain, or jjow'der, or order ori^rmit any other person 
to mix, colour, stain, or powder, an/ article of food with any ingredient or material so as 
^0 render the article injurious to health, with intent that the same may be sold in that 
;|itate, and no person shall sell any such article so mixed, coloured, stained, or powder^, 
linger a penalty in each cose not exceeding fifty pounds for the first oifence ; every 
offence, after a conviction for a first offence, shall be a misdemeanour, for wliich the person, 
,on conviction, shall be imprisoned for a period not exceeding six months with hard 
labour. 

4. No person shall, except for the purpose of compounding as hereinafter describ^, 
mix, colour, stain, or powder, or order or permit any dtner ^rson to mix, colour, stain, 
ot lewder, any drug with any ingredient or material so as to affect injuriously the quality 
tpr potency of such drug, with intent that the same may be sold in that state, and no 
%ffirson shall soil any such drug so mixed, coloured, stained, or itowdored, under the some 
^|«nalty in each case respectiv^y as in tlie preceding section for a first and subsequent 
offence. *■ 

\ 6. Provided that no person shall be liable to be convicted under either of the two last 

Ijforegoing sections of this Act in respect of the sale of any article of food or of any drug, if 
^ shows to the satisfaction of the Justice or court before whom he is charged that he did 
S^hot know of the article of food or drug sold by him being so mixed, coloured, stained, or 
' dered, as in either of those sections mentioned, and that he could not with reasonable ; 
nee have obtained that knowledge. ' ■ , ^ 

No person shall sell to the prejudice of the purchaser any article of food or any dri 
ioh> not of the nature, suratanoe, and quality of the article demanded by 




pueiutaer, unaer a penalty not exceeding twen^ pounds ; provided that an offence' 

be deemed to be committed under this section in the following cases ; that is to say, '- jW 

(1.) Where any matter or ingredient not injurious to health has been added to the 
food or drug because the same is required for the production or prepamtion 
thereof as an article of commerce, in a state fit for caniago or consumption, 
and not fraudulently to increase the bulk, weight, or measure of the food or 
dnig, or (iunceal the inferior quality thereof : 

(2.) Where the drug or food is a proprietaiy medicine, or is the subject of a patent in 
force, and is sujqilied in the state required by the specification of the patent: 

(3.) Where the ^pod or drug is compounded as in this Act mentioned : 

(4.) Where the food or drug is unavoidably mixed witli some extraneous matter in 
the process of collection or projiaratiou, 

7. No pei'son shall sell any compound article of food or compounded drug which is O!^ 
not comjiosod of ingredients in accordance with tho demand of the purchaser, under a 
penalty not exceeding twinity iKuinds. 

8. Ih'ovidcd that no ])crson shall be guilty of any such offence as aforesaid in respect wM 

of the sale of an article of food or a drug mixed with any matter or ingi'cdient not injunous de$ 
to health, and not intended fraudulently to increase its bulk, weight, or measure, or 
conceal its inferior quality, if at the time of delivering such article or dnig he shall supply 4 '^ 
to the ])oi*son receiving the same a notice, by a label distinctly and legibly wiitten or 
printed on or with the article or drug, to the elfect that the same is mixed. em 

9. No person shall, with the intent that the same may be sold in its altered state Abij 
without notice, abstmet from an article of food any part of it so as to aflect injuriously com 
its quality, substance, or nature, and no person shall soil any article so altered without **** 
making disclosure of tho alteration, uncler a penalty in each case not exceeding twenty 
pounds. 


AfypobUvierU and Duties of Anal fiats, and Droceedinga to obtain the 
appoiiUment of Ancdyala. 

10.»ln the cit^ of London and the liberties thereof the Commissioners of Sewers of the Thit 
City ol London and tlm liberties thereof, and in all other parts of tho metropolis, the ^ 
vestries and district boards acting in execution of the Act for the better local management 
of the metropolis, tho court of quarter sessions of every county, and tho town council of 
every borough having a scpai-ate court of quarter sessions, or having un{|ar any general bej 
or local Act of Parliament or otherwise a separate police establishment, may, as soon os 
convenient after the passing of this Act, where no appointment has been hitherto made, J 
and in all cases as and when vacancies in the office occur, or when requh’ed so to do by 
the Local Government Board, shall for their rcispectivo city, districts, counties, or 
boroughs, appoint one or more j^rsous pc^sessing competent knowledge, skill, and 
experience, as analysts of all articles of food and drugs sold within tho said city, 
;^auetropolitau districts, counties, or boroughs, and shall })ay to such analysts such re* 
muueration as shall be mutually agreed ui)on, and may remove him or them as they 
shall deem proper ; but such ap])ointTnents and removals shall at all times be subject to 
the approval of the Local Government Board, who may reqiiii’e satisfactoiy proof of 
competency to be supplied to them, aud may give their approval absolutely or with 
.modifioatious as to the period of the appointment and removal, or otherwise ; provided 
^that no person shall hereafter bo appointed an analyst for any place under this section 
who shall be engaged directly or in^rootly in any trade or business connected witb the 
^ sale of food or dru^ in such place. 

In Scotland the like powers shall be confeited and the like duties shall be imposed Am 
liipon the commissioners of supply at their ordinary meetings for counties, ana theibi 
Veommissioners or boaids of police, or where there are no such commissioners or boai^, 
upon the town oouiicils for Durghs within their several iuiisdictions ; provided that one 
:, orHer Majes^'s Principal Secretaries of State in Scotland shall be substituted for the ^ 
^l^ocal Government Boara of England. 

In Ireland the like powers and duties shall be conferred and imposed respectively !] 
^atpon the grand jury of every county and town council of every borough ; provided that ^ 
'^e*Looal Government Board of Ireland shall be substituted for the Looal Gk>veniment . 
^^rd of England. ^ 

yil. The town council of any borough may agree tliat the analyst appointed by any ^ 
tt^hbonring borough or for the ootmfy in which the borough is situatra, shall act for 

bmui^h during such time fis the said council shall think proper, and shall make^^ 

provision for the payment of his remuneration, and if such analyst shall conaantj ^ B 
milf'dhall during such t^e be the cnalvst for such borough for the unnioses of the AoL 



;« 4 ' 


THBlft COMPOfflTIOir AND AKI^liYBia 


' 12. Any purchaser of any article of food or of a drug in any place being a distiict 
county, city, or borougli where there is any analyst appointed under this or any Ao 
hereby roixialed shall bo entitled, on imyrneut to such analyst of a sum not exceeding tei 
shillings and sixpence, or if tliero bo no such analyst then acting for such place, to th 
analyst of another place, of such sum as may be agi’ced u])on between such person an( 
the analyst, to have such article analysed by sucn analyst, and to receive from him i 
Gertihcato of the result of his analysis. 

13. Any medical officer of health, insjiector of nuisances, or inspector of weights am 
measui’es, or any inspector of a market, or any })olico constable under the direction an( 
at tlio cost of the local authority appointing such officer, inspector, or constable, o 
charged with the execution of this Act, may procure any sample of food or drugs, and i 

tali he suspect tlie same to have been sold to him contmry to any provision of tliis Act, 
shall submit the same to be analysed by the analyst of the district or ])lace for which 
lie acts, or if there be no such analyst then acting for such place to the analyst of another 
place, and sucli analyst shall, u|Mni receiving j>aymftnt as is provided in the last section, 
with all convenient speed analyse the same^aiid give a certiticate to such officer, wlierein 
he shall specify tlie result of the analysis. 

14. The persoji purchasing any article with the intention of submitting the same to 
analysis shall, after the purchase shall liave been completod, forthwith notify to the 

Ion agent selling the article his intention to have tlie same analysed by the 

the public analyst, and shall [ulfer to] divide the article into three parts to bo then and there 
sojiarated, and each ]iart t<» be marked and sealed or fastened ni) in such manner as its 
nature will permit, and shall, if required to do so [proceed accoraingly, and shall], deliver 
one of the parts to tlie sidler or his agent. ^ 

He shall afterwards retain one of tlie said parts for future comparison, and submit 
the third part, if ho deems it right to have the article analysed, to the analyst. 

[15. Repealed by Sale of Food and Drugs Act, 1899. J 

10. If the analyst do not reside within two miles of the residence of the person 


by 

and 

Into 


lie 


requiring the article to be analysed, such article may be forwarded to the analyst tlii*ough 
the post office as u registered “letter,” subject to any regulations wiiich the Postmaicor* 
General may make in relerenco to the currying and aclivery of such an article, and the 
charge for tlie postage of such article shall be deemed one of the charges of tliis Act, or 
of the prosecution, as the case may be, 

17. If any such officer, insjioctor, or constable, as above described, shall apply to 
purchase any article of food or any drug exposed to sale, or on sale by retail on any 
premises, or in any shop or stores, and shall tender the price for the quantity which he 
shall require for the purpose of analysis, nut being more than shall be reasonably requisite, 
aud the person exposing tlio same for sale shall refuse to sell the same to such officer, 
inspetor, or constable, such person shall be liable to a penalty not exceeding ten pounds. 

18. The certificate of the analysis shall bo in the form set forth in the schedule hereto, 

, . or the like etiect. 

^tist 19. Every analyst appointed under any Act hereby rejiealed or this Act shall report 
quarterly to the authority appointing him the number of articles analysed by liim under 
this Act during tlie foregoing quarter, and shall specify the result of eacli analysis and 
the sum paid to him in respect thereof, and such report shall be presented at the next 
' meeting of the authority appointing such analyst, and every such authority shall 
' annually transmit to the Local Government Board, at such time and in such form as the 
Board shall dii’ect, a certified copy of such quarterly report. 


Proceedings against Offenders* 



20. When the analyst having analysed any article sliall have given his certificate of 
the result, from which it may appear that an offence against some one of the provisions 
of this Act has been committed, the jierson causing the analysis to be made may take 
proceedings for the recovery of the nenalty herein imposed for such offence, before any 
justices in petty sessions assembled having jurisdiction in the place where tha article or 
drug sold was actually ddivered to the purchaser, in a summary manner. 

Every iienalty imposed bv this Act shall bo recovered iu England in the manner 
prescribra by the eleventh and twelfth of Victoria, cliapter forfy-throc. In Ireland such 
{lenalties and }>roceeding8 shall be recoverable, and may be taken with respect to the 
^lolioe district of Dublin metropolis, subject and according to the provisions of any Act 
regulating the powers and duties of justices of tlie peace for such district, or of the police: 
of such dmtrict ; and with respect to other parts of Ireland, before a justice or justices ^ 


I The words in brackets have f)eeu repealed by section IS Sale of F(^ and Drugs Act, 1890, p. 6M.' • 
s For " letter,” the word " parcel ” Is to he substituted by section 16 Sale of Food and Drufi' 
^ 1899. 




tfee peace sitting in petty sessions, subject and according to the provisiouB of “The Petty' ’ 
Sessions (Ireland) Act, 1851,” and any Act amending the same. . 

Every penalty herein imposed may be reduced or mitigated according to the judgment 
of the justices. 

21. At the hearing of the information in such procooding the jwoduction of the 1 


certificate of tlic analyst sliall be sufficient evidence of the facts tlierein stated, unless the ^ 
defendant shall require that the analyst shall be called as a witness, and the ])art8 of the 
articles retained by the person who purchased the article shall be produced, and the i 
defendant may, if he iliiiiK fit, tender himself and his wife to be examined on liis bohalf, < 
and he or she shall, if he so desire, be examined accoi-dingly. 

22. The justices before whom any comjdaint may bo made, or the court before whom y- 
any appeal may bo lieaid, under this Act may, upon the rcKjuest of either party in their ,b« 
discretion, cause any article of food or drug to be sent to the (Jommissionci-s of Inland jpM 
Revenue, who shall thei'eupon direct the chemical offieem of tlie.ir rleparinwjut at Somerset ■flW 
House to make tlie. analysis, and give a ccrtilicate to such justie<<s of tlio result of tlio JffJ 
analysis ; and the cx])ense of such analysis shall be paid by the complainant or the • 
defendant as the justices may by order direct. 

23. Any jjcrson who has been convictied of any offence ])unisliable by any Act hereby Apj 
re])ealed or by this Act by any justices may ap})e^l in England to tlie next general or 
quarter sessions of the ])eace which shall be held for the city, county, town, or place*** 
wherein such conviction shall have been made, provided that such ])ersoii enter into a 
recognisance! within three days next after such conviction, with two sufficient sureties, 
conditionei! to try such apjieal, and <-o be forthcoming to abide ilic judgment and 
detemiination of the court at such general or quarter sessions, and to pay such costs as 
shall be by such coiu-t awaixled ; and the justices l^efore whom such couviction shall be 
had arc hereby empowered and required to take such recognisance ; and the couii at 
such general or ciuarter sessions are hereby required to hear and determine tlie matter of 
such a])poal, and may award such costs to the party appealing or appealed against as 
they or he shall think proijer. 

• In li-eland any person who has been convicted of any offence punishable by this Act 
may appeal to the next court of quarter sessions to be held in the same division of the 
county where the conviction shall bo made by any justice or justices in any petty sessions 
district, or to the ivooirier at his next sessions whem the conviction shall bo made by the ' 
divisional justices in the police district of Dublin metrojwlis, or to the recorder of any 
cori)oiate or borough town wlion the conviction shall be made by any justice or justices 
in such cor})orate or borough town (unless when any such sessions shall cvminouco within 
ten days from the date of any such conviction, in which case, if the appellant sees iit, 
the appeal may be made to the next succeeding sessions to bo hold for such division or 
town), and it shall be lawful for such court of quarter sessions or recorder (as the case 
may be), to decide such ap])oal, if made in such form and manner and Mith such notiooB 
08 aro required by the saia Petty Sessions Acts res})ectively hereinbefore mentioned as to 
apjKJals against ordere made by justices at petty sessions, and all the pi'ovisions of the 
said Petty Sessions Acts respectively as to making ap])eals and as to executing the orders 
made on appeal, or the original ordem where the appeals shall not be duly prosecuted, - 
•aud shall also apply to any appeal made under this Act , 

24. In any prosecution under this Act, where the fact of an article having bo«j 
sold in a mixed state has been ])roYed, if the defendant shall desire to rely upon any 
exception or provision contained in this Act, it shall be incumbent upon him to prove’ 
the same. 

25. If the defendant in any prosecutiou under this Act prove to the satisfaction of the 
justices or court that he had purchased the article in question as the same in nature, 
substance, and quality as that demanded of him by the prosecutor, and with a written 
waiTanty to that effect, that he had no reason to believe at the time when he sold it that, 
the article was otherwise, and that he sold it in the same state as when he purchased it 
he shall be discharged from the prosecutiou, but shall be liable to i>ay the costs incuTrea';; 
by the pim^KSUtor, unless he shalrhave given due notice him tliat he will rely on 

a We defence. 

26. Eveiy penalty imposed and recovered under this Act shall be {)aid in the case 6t 
a prosecution oy any officer, inspector, or constable, of the authority who shall have 
appointed an analyst or agreed to the acting of an analyst within their district, to Buob 
officer, inspector, or constable, and shall be by him pud to the authority for whom W) 
acts, and be applied towards the expense of executing this Act, any Statute to the 
contrary notwitbstanding ; but in the case of any other prosecution the same shall bC 
paid and applied in England aOoording to the law rcc^lating the application of |[)enalt^ 

Ibr offences punishable in a summaiy manner, and in Iruand in the manner direotea 
^ the Fines Act, Ireland, .1861; and the Acts amending the same. 


»/. Any ^T8un wno anaii lurge, or sobu uiier, Knowing ii> u) oe lorgea xor. ixn 
iri)08e5 of this Act, any certificate or any writing purporting to contain a warranty^ 
lail be guilty of a misaemcanor and be punishable on conviction by impiisonment foj 
terra of not exceeding two years with haw labour ; 

Evciy person who shall wilfully apply to an article of food, or a drug, in any pro- 
Hidings under this Act, a certificate or warranty given in relation to any other ai-ticlo 03 
rug, siiull bo guilty of an offence under this Act, and bo liable to a penalty not exceeding 
venty pounds ; 

Every jiei-son who shall rave a false warranty in writing to any imrchaser in respecl 
f an article of food or a di'ug sold by him as [uincipal or agent, shall bo guilty of an 
ffence under this Act, and be liable to a penalty not exceeding twenty pounds ; 

And every person who shall wilfully give a lable with any artielo sold by him whicl 
liall falsely describe the article si>ld, shall be guilty of an oli'cuce under this Act, and b( 
able to a penalty not exceeding twenty pounds. 

28. Kothing in this Act contained shall affect the power of proceeding hy indictment 
r take away any other remedy against any offender under this Act, or in any way inter 
ire with contracts and bargains between individuals, and the rights and rcmediei 
elonging thereto. 

Provided that in any action bmughi by any person for a breach of contract on the sah 
f any article, of food or of any drug, such ijemui may re-cover alone or in addition to an] 
ther damages recoverable by him the amount of any ncnalty in which he may have beei 
onvictod under this Act, together with the costs paiti by him ui>on such conviction ant 
hose incurred by him in and about his defence thereto, if hr, prove that the article o 
[rug the subject of such conviction was sold to biin as and for an article or ding of thi 
ame natun;, substance, and quality as tliat which was demanded of him, and that h 
lurchascd it n(»t knowing it to bo otherwise, and afteiwards sold it in the same state ii 
vhich ho puwhased it ; the defendant in such action being nevertheless at liberty t 
twve that the conviction was wi'ongful, or that the amount of costs awarded or claimcM 
VOS unreasonable. ^ 

£!xpen,nr$ of ExeciUing the Act, 

29. The expenses of executing this Act shall be borne, in the city of^ondoii and th 
iberiios thereof, by the consolidated mtes raised by the Commissioners of Sewers of th 
ity of London and the liberties thereof, and in the rest of the metropolis by any rates o 
uiids applicable to tbe pnriioses of the Act for the bettci’ local management of th 
iietroi)olis, and otheiwise as regards Engknd, in counties by the county rate, and i 
Doroughs by the borough fund or rate ; 

And as r<?gards Ireland, in counties by the grand jury cess, and in boroughs by th 
borough fund or rate ; all such expenses jtayable in any county out of grand jury cet 
ihall be itfdd by the treasurer of such county ; and 

The grand jury of any such county shalf, at any assizes at which it is proved tliat an 
such expenses have been incurred or {laid without previous application to presentmei 
sessions, present to be raised olf and paid by such county the moneys require to defra 
the same. 


Special l^ovision as to 7'ea. 

30. Ewm and after the fimt day of January one thousand eight hundred and sevent 
six all tea imported as merchandise into and lauded at any poit in Gi-oat liiitain 
Ireland shall be subject to examination by persons to be ap|H)inted by the Comniissione 
of Customs, subject to the approval of the Treasury, for the inspection and analys 
Gioroof, for which purpose samples may, when deemed neqesaary by such inspectow, 1 
taken, and with all convenient speed be examined by the analysts to be so appointee 
and if upon such analysis the same shall be found te be mixed with other sulmtonces 
exhausted tea, the same shall not be delivered unless with the sanction of the sa 
oommissionors, and on such terms and conditions as they shall s(‘o fit to direct, either f 
home consumption or for use as sliips’ stores or for exportation ; but if on such ins^tii 
and analysis it shall ap|H>ar that such tea is in the opinion of the analyst unfit for numi 
food, the some sliall bo forfeited and destroyed or owerwise di8|X)sed of in such manr 
as the said commissioners may direct 

31. Tea to which Uie term " exhausted ” is applied in this Act shall mean and indu 
any tea wliich has been deprived of its proper quality, strength, or virtue by steepii 
iniusioilj decoction, or other means. 

32. For the puiqiGses of this Act every liberty of a cinque {lort not comprised witt 
flEhe jurisdiotioin of a borough shall be port of the county in which it is sitnatadi ji 
^l^eot to the Jurisdiction of the justices of such county. 


In the application of tHis Act to Scbtland the folld^g provisionB shaU^ MfS 

effect ; 

1. The term “misdemeanor ” shall mean “ a crime or offence : ** J 

2. The term “ defendant ” shall mean “ defender,*’ and include “ respondent ; ” 

8. The term ‘ ‘ information ” shall include * ‘ complaint : ” 

4. This Act shall be read and construed as if for the term “justices,” wherever it occun 
therein, the term ‘ ‘ sheriff ” were substituted : 

6. The term “ sheriff” shall include “ sheriff-substitute : ” 

6. The term “ borough” shall mean any royal burgh and any burgh returning or con 

tributing to return a member to Parliament : 

7. The expenseaof executing this Act shall be borne in Scotland, in counties, by th; 

county general assessment, and in burghs, by the police assessment : , / 

8. This Act shall be read and construed as if for the expression “the Local Governmeri 

Board,” wherever it occurs therein, the expression “one of Her Majesty’s Frincipa 
Secretaries of State ” were 8\ibstituted : 

9. All penalties provided by this Act to be recovered in a summary manner shall b 

recovered before the sheriff of the county in the sheriff court, or at the option b 
the person seeking to recover the same in the police court, in any place where 
sheriff officiates as a police magistrate, under the provisions of “The Summar; 
Procedui-e Act, 1864,” or of the Police Act in force for tlie time in any place i: 
which a sheriff officiates as aforesaid, and all the jurisdiction, powers, am 
authorities necessary for this purpose are hereby conferred on sheriffs : 

Every such penalty may bo i*ecovered at the instance of the procurator-fiscal^ < 
the jurisdiction, or of the person who caused the analyses to be made from whic 
it appeared that an otfeiice had been committed against some one of the provislor 
of this Act. 

Every penalty imposed and recovered under this Act shall be paid to the clei 
of court, and by him shall be accounted for and paid to the treasurer of the couni 
general assessment, or the police assessment of the burgh, as the sheriff shall direc 

40 . Every j)enalty impost by this Act may be reduced or mitigated according to tl 
judgment of the shcrilf : 

11^ U shall bgoomiietont to any person aggiiovod bv any conviction by a sheriff’ in ai 
summary pi'oceeding unaer this Act to appeal against the same to the next cirCu 
court, or where there are no circuit courts to the High Court of Justiciay i 
Edinburgh, in the manner prescribed by such of the provisions of the Act of ti 
twentieth year of the reign of King George the Second, cha])t^l forty -three, an 
any Acts amending the same, as rdate to appeals in matters criminal, and by ar 
under the rules, limitations, conditions and restrictions contained in the sa; 
provisions. 

34. In the application of this Act to Ireland,— 

The term “ borough ” shall mean any borough subject to the Act of the seesk 
of the third and fourth years of the re^n of Her present Majesly, chapter di 
hundred and eight, intituled “ An Act for the Regulation of Municipal Corporaticu 
in Ireland.” 

The term “ county ” shall include a county of a city and a county of a town ^ 
being a borough. 

The term “assizes” shall, witli respect to the county of Dublin, mei 
“presenting term.” 

The term “treasurer of the county ” shall include anv iwrson or persons orbal 
in any county perfoming duties analogous to those of the treasurer of the oouA 
in counties, and, with respect to the county of Dublin, it shall mean the fisan 
committee; ^ 

The term “ police constable ” shall me^u, with reflj)ect to the police diatnot 
Dublin metroi)o1is, constable of the Dublin Metropolitan Police, and vrith respe 
to any other part of Ireland, constable of the Royal Irish Oonstabulary : 

35. This Act shwl commence on the first day of October one thousand eight hundn 

and seventy-five. 

86. This Act may be cited as “ The Sale of Food and Drugs Act, 1875. 
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Sal* 0* K.poii and Dbugb Act Amenumbnt Act, 1879 [42 und .|8 Viet. e. 30], ‘ 

With the advice and consent of the Lords SpiltS aSd Temt.of^^ 
preset PAr1i».nent.^e.„bled aud by 

mni AormL""^ ^ Act Amend- 

the provisions of the principal Act for sellincto the 
: substance and qualitiTth farSe dcnLSd^bySi^JIircW it shaVbe no dSi 

tr^ro^e 

I wm. not dlfeUvo Zu C 

! medical officer of health, inspector of nuisances, or inspector of weichts and 

• Km eVt of^thetV^ P®^“® ®®“«table un^er the direction and 

JharMd -^+>1 authm-ity appointing such officer, inspector, or coustablijK 
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, ^iract lor tlie pale to such purchaser or consignee of such milk • and biipIi ■ 

^ A-i£ rnfSTi . 

-nay b. ««ecl. or the blank may 





purchased the same from the seller or consignor under section thirteen of tlie principal 

Act* 

4, The seller or consignor or any person or persons entrusted by him for the time 
being with the charge of such milk, if he shall refuse to allow such ofliicer, inspector, or 
constable to take the quantity which such officer, ins|H)ctor or constable shall require 
for the purpose of analysis, shall be liable to a nenalty not oxcoeding ten pounds. 

B. Any street or open place of j)ublic resort shall be held to como within the meaning 
of section seventeen of the jirincipal Act. 

^ 6. In deiertnining whether an ofTence has been committed under section six of the 
said Act by selling, to the prejudice of the purchaser, spirits nut adulterated otherwise 
than by the adjiiixturti of water, it shall bo a good defence to prove that such admixture 
has not reduced the siriritmorc than twojity-five degrees under proof for brandy, whisky, 
or rum, or thii’ty-live flogrees under proof for gin. 

7. Every liberty having a aejwrate court of quarter sessions, except a libiTty of a 
cinque j)oi1;, shall bo deemed to bo a county within the moaning of the said Act. 

8. The town council of any borough having a separate coui t of quarter sessions shall 
be exem})t from coiilributing Inwards the expenses incurred in the execution «»f the 
principal Act in respecl of the county within which such borough is situate, and the 
treasurer of the county shall exclude the expenses so incurred from the account nsquired 
by section one lumdrcd and seventeen of the Municipal Corporation Act, 1835, to be sent 
by him to such town council. 

9. The town council of any borough having under any general or local Act of 
Parliament, or otheiwise, a sejiarate police establishment, and being liable to be assessed 
to the county rate of the county within which the borough is situate, shall be paid by 
the justices of such county the proportionate amount contributed towards the expenses 
incurred by the county in the execution of the pnnci])al Act by the sovorul parishes and 
parts of parishes within such borough in resiject of the rateable value of the preperty 
assessable therein, as ascertained by the vulualinn lists for the time being in force. 

[10. Repealed by Sale of Food and Drags Act, 1899.] 


Ini^^ 
Aedui 

degre^^ 


ProvI 
boroQi 


, MARGARINE ACT, 1887. 

An Act fob the BETrun Pukvention of the Fraudulknt Sale op Maboathne. 

[50 & 51 Virr., ch. 29.] 

Whebeas it is exjiedient that fuitlier provision should be made for protecting the public 
against the sale as butter of substances made in imitation of butter, as well *as of butter 
mixed with any such substances : 

Bo it therefore enacti'd by the Queen’s most Excellent Majesty, by and with the 
advice and consent of the Lonls Sfiiritual and Temporal, and Commons, in this present 
Parliament assembled, and by the autliority of the same, as follows : 

1. This Act may be cited as the Margarine Act, 1887. Bhoit' 

2. This Act shall come into operation on the first day of January one thousand eight 
hundred and eighty-eight 

3. The word “butter” shall moan the substance usually known as butter, made 
exclusively from milk or cream, or both, vrith or without salt or other preservative, and 
with or without; the addition of colouring matter. 

The word “ margarine” shall mean all substances, whether compounds or otherwise, 
prepared in imiUtion of butter, and whether mixed with butter or not, and no such 
subetance shall be lawfully sold, except under the name of margarine, and under the 
conditions set fox'th in this Act. 

4. Every person dealing in margarine, whether wholesale or retail, whether a manu- 
facturer, importer, or as consignor or consignee, or'as commission agent or otherwise, who 
is found guilty of an offence under this Act, shall he liable on summaiy cunvictiou for the 
first offence to a fine not exceeding twenty pounds, and for tlie second offence to a fine 
not exceeding fifty pounds, and for the third or any subsequent offence to a fine not 
: Acceding one hnndred pounds. 

,, 6. Where an emjiloyer is charged with an offence against this Act he shall be entitled, 1 
Upon information duly laid by him, to have any other iierson whom he charges as the * 
;;i^ual offender brought before tlie Court at the time appointed for hearing the charge, 
if, after the commission of the offence has been provra, the employer proves to tlie 

4> 1 The leading case of M'Nalr v. Cave, K.BwD., heard before tlie Lord Chief Jostioe and Wills and 
" npbelli J.J. {Timet, Oct. 80, 1902), lays down clearly the law that an inspector can only take 
_p!et under section three in his ovm distrlot and must submit such samples to the analyst appointed 
t Jtucih district. Milk, for example, consigned to 8t Panoras Station for distribution by , retail In 
: can only be sampled aiu| aniOyied by the St Fauoras inapeotor and the St Fauorai 


Ciatisfection of the Court that he had used due dilicenoe to enforce the execuU^ft 
Act, and that the said other person had committed the offence in question withot^.^ 
knowledge, consent, or connivance, the said other pemon shall be summarily oonviotea^ 
such offence, and the employer shall be exempt from any penalty. 

6. Every ^H-rson dealing in margarine in the manner described in the preceding aecti^ 

shall conform to the following regulations ; ^ 

Every jjackago, wliether ojien or closed, and containing margarine, shall bo branded 
or durably marked “ Margarine ” on the top, bottom, and sides, in printed capital letters, 
not loss than thi'oe-quarters of an inch square ; and if such margarine be exposed for sale, 
by retail, then^ shall be attached to each |)aiwl thereof so exposed, and in such manner 
as to be cle-arly visible to the purchaser, a label marked in printed Capital letters not less 
than one and a half inches square, “ Margarine” ; and every ])ei’soii selling margarine by 
retail, save in a package duly branded or durably marked as aforesaid, shall in everjr case 
deliver the same to the purchaser in [or with] a paper wrai)per, on which shall be printed 
in capital letters, not less than a quaii-ei* of an inch square, “ Margarine.”^ 

7. Every person dealing with, selling, ‘or expusiug, or olfering for sale, or having in 
his possession for the purpose of sale, any quantity of margarine contrary to the provisions 
of this Act, shall be liable to conviction for an offence against this Act, unless he shows 
to the satisfact-ion of the court before whom he is charged that he j)urchasod the article in 
question as bntb'v, and ivitli a written warmnty or in voice to that effect, that lie had no 
reason to believe at the time when he sold it that the article was other than butter, and 
that he sold it in the same state as when he purchased it, and in such case he shall bq 
discharged from the nrosecution, but shall be liable to pay the costs incurred by the 
prosecutor unless he shall have given due notice to him that he will rely upon the above 
defence. 

8. All margarine imported into the United Kingdom of Great Britain and Ireland, 
and all margarine, whether imported or manufactured within the United Kingdom oj 
Groat Britain and Ireland, shall, whenever forwarder! by any public conveyance, be duly 
consigned as margarine ; and it shall be lawful for any officer of Her Majesty’s Customs 
or Imaiid Revenue, or any medical officer of health, inspector of nuisances, or^’police 
constable, authorised under section thirteen of the Sale of Food and Drugs Act, 1876, to 
procure samples for analysis if he shall have reason to believe that thfc provision^ of this 
Act a]'e infringed on this behalf, to examine and take samples from any package, and 
ascertain, if necessary, by submitting the same to be analysed, whether an offence against 
this Act has been committed. 

9. Every manufactory of margarine within the United Kingdom of Groat Britain and 
Ireland shall be registered by the owner or occupier thci’eof will) the local author!^ from 
time to time in such manner as the Local Government Boards of England and Ireland 
and the Secretary for Scotland respectively may direct, and every such owner or oocuplei 
oaj:iying on such manufacture in a manufactory not duly registered shall be guilty of ai; 
offence under this Act, 

10. Any officer authorised to take samples under the Sale of Food and Drugs Acts^ 
1876, may, without goiug through the form of purchase provided by that Act, but other 
wise acting in all rosi^^cts in accordance with the provisions of the said Act as to dealin| 
with sampU's, take for the purp<»es of analysis samples of any butter, or substanoei 
purporting to be butter, which are exposed for sale, and are not marked Margarine, a< 

I irovided by this Act ; and any such substance not being so marked shall be presumed tc 
»e exposed for sale as butter. 

1 11. Any part of any penalty recovered under this Act may, if the court shall so direct, 

bo ]>aid to the person who proceeds for the same, to reimburse him for the legal costs cA 
obtaining the analysis, and any other reasonable exx)en8e8 to which the ^urt shaJj 
consider nim entitled. ■ ' ’ 

12, All proceedings under this Act shall, save as ex|)re88ly varitKl by this Act, be tHi 
same as iirescribed by sections twelve to twenty^eight inclusive of the Sale of Food an^ 
Drugs Act, 1875, and all officers employed under that Act are hereby empowered and 
required to carry out the nrovisions of tliis Act, 

18. The expression '’local authority” shall mean any local authority authorised U 
ai)point a public analyst under the Sale of Food and Drugs Act, 1875. 

" I Ttie words iu braokeu are repealed by aeution 6 (8) Sale of Food and Drugs Act, 1899, p. 598 





SALK OJ HORSEFLESH, to. REOtJLATION ACT, 1889. 

An Act to keoulata the Sale of Hobeeflesu fok Human Food. 

[62 A 63 ViCT., ch. 11.] 

V«' HEEEAS it is desimble to make regulations with reB|)ect to the sale of horseflesh for 
human food : 

Be it therefore enactwi by the Queen’s most Excellent Majesty, by and with the advice 
and consent of the Lords Sjuritual and Teinjioral, and Commons, in this present Parlia- 
ment assembled, and by the authority of the same, as follows : 

1. No person shall sell, offer, expose, or keep for sale any horseflesh for human food, 8 
elsewhere than in a sl«ip, stall, or place over or uiion which there shall bo at all times ® 
painted, posted, or placed in legible character of not less than four inches in length, and 
in a conspicuous j»oaition, and so as to be visible thi'oughout the whole time, whether by 
night or ilay, during which such horseflesh is being offered or exposed for sale, words 
indicating that horseflesh is sold them. 

2. No pei'son shall supply horsoflasli for huniaii food to any purchaser who has asked I 

to be supplied with some meat other than hom'flesh, or with some compound article of t 
food which is not ordinarily made of horseflesh. ^ ® 

8. Any medical officer of health or ins]>ectoT of nuisances or other officer of a local i 
authority acting on the instructions (»f such authority or apiJointod by mu;1i authority for n 
the purposes of this Act may at all reasonable times insiieci and examine any meat which ® 
he has reason to believe U» be horseflesh, exposed for sale or deposited for the purpose of e 
sale, or of preparation for sale, and intended for human food, in any place other than 
such shoj), stall, or place as aforesaid, and if such moat apjM’.ai's to him to be horseflesh 
he may seize and carry away or cause to be seized and carried away the same, in order to 
have the same dealt with by a justice as hereinafter provided. 

4. On comiflaint made on oath by a medical officer of health or inspector of nuisanbos, i 
or otlier officer of a local authority, any justice may grant a warrant to any such officer j 
to enter any building, or part of a building other than such shop, stall or place as afore- j 
said, % which such officer has reason for believing that there is kept or concealed any 
horseflesh which is intended for sale, or for preparation for sale for human food, contrary 
to the ])fovi8ions ohihis Act ; and to search tor, seize, and cawy away or cause to m 
seized and caiTicd away any meat that api)ear8 to such officer to he such horseflesh, in 
Older to have the same dealt with by a justice as hereinafter provided. 

Any person wim shall obstruct any such officer in the performance of his duty under 
ibis Act shall be deemed to have committed an otfonce under tliis Act. # . . 

6 . If it appears to any justice that any meat seized under the foregoing |)rovi8ionB of | 
this Act is such horseflesh as aforesaid, he may make such order with regard to thej 
di 8 ]) 08 al thereof as ho may think desirable ; and the person in whose possession or on 
whose premises the meat was found shall be deemed to have committed an olTeuce under I 
this Act, unless he proves that such meat was not intended for human food contrary to 

iirovisions of this Act. 

V ■ 0. Any peraon ofl'eiiding against any of the provisions of this Act, for every such 1 
l^flFence shall be liable to a penalty not exceeding twenty i^unds, to be recovers in a 
limnmaiy manner ; and if any horseflesh is proved to have been exposed for sale to the 
TOblio in any shop, stall, or eating-house otner lhan such shop, stall, or jilace as in the 
mt section mentioned, without anything to show that it was not intended for sale for 
^uman food, the onus of proving that it was not so intended sliall rest u|^)on the person 
Imposing it for sale. 

7. For the purposes of this Act ‘‘horseflesh*’ shall include the flesh of asses and 
bhules, and shall mean horseflesh, cooked or uncooked, alone or accompanied by or mixed 
^iHth other substanoe. 

' '8, Bor the purposes of tliis Act the local authorities shall be, in the City of London 
the liberties thereof, the Commissioners of feowera, and in the other parts of the ^ 
^fibunty of London the vestries and district boards acting in the execution of the^MetropoIis 3 
Management Acts, and in other parts of England the urban and rural sanitary 
and in Ireland the urban and rural sanitary authorities under the Public 
Meaith (Ireland) Act, 1878. 

In the application of this Act to Scotland the expression “justice** shall include 
and sheriff-su^titute, and the expressions “ local authority^’ shall mean any local 
w^ority authorised to appoint a public analyst under the Sale of Food and Drugs Act, 
the procedure tor the enforcement of this Act shall be in the manner provided 
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SALE OF FOOD AND DKUfiS ACT, 1899. 

An Aut to Amund thb Law kelatino to thk. Sale of Food and Drugs. 

[62&63VicT.,ch. 51.] 

Be it enacUid by tlie Qiieim’s moat Excellent Majesty, by and witli the advice and consent > ’ 
of the Lords Spiritual and Tniiporal, and Commons, in this present Parliament assembled, o 
and by the authority of the same, as follows : — 

If there is imported into the United Kingdom any of the following articles, 

namely ; — 

(«) margarine or margarine-cheese, except in packages conspicuously marked ' 
“Margarine” or “Margarine-cheese,” a's the case may require; or 
(i) adulterated or impoverished butter (other than margarine) or adulterated or im- ' 
poverished milk or cream, except in packages or cans conspicuously marked with j 
a name or description indicating that the butter or milk or cream has been so « 
treated ; or 

(e) condensed separated or skimmed milk, exco])t in tins or other receptacles which 
boar a label whereon the words “Machine-skimmed Milk” or “Skimmed Milk,” 
as the case niay require, are printed in large and legible typo ; or 
(d) any adulterated or imiwverished article of food to which Her Majesty may by 
Order in Council direct that this section shall be applied, unless the same be im- 
ported in packages or receptacles conspicuously marked with a name or description 
indicating that the article has been so treated ; 
the importer shall be liable, on summary conviction, for the first ofienco to a fine not 
exceeding twenty pounds, for the second oifence to a fine not exceeding fifty pounds, and ' 
for any subsequent oftbneo to a fine not exceeding one hundred pounds. 

(2.) The word “importer” shall include any person who, whether as owner, con- 
signor, or consignee, agent, or broker, is in possession of, or in anywise entitled to the 
custody or control of, the article ; prosecutions for oflences under this section shall be 
undeitaken by the Commissioners of Customs ; and subject to the piovisions of this Act 
this section shall have effect as if it were ])ai’t of the Customs Consolidation Act, 1876. 

(8.) The Commissioners of Customs shall, in aocoidance with dmections given by the 
Treasury after consultation with the Board of Agriculture, take such samples of consign-' 
ments of imported artichjs of food as may be necessary for the enforcement of the fore- 
going provisions of this section. 

(4). Whore the Commissioners of Customs take a sample of any consignment in 
pursuance of such directions they shall diride it into not less than three parts, and send 
one jiari to the imiKuter and one part to the principal chemist of tne Government, 
laboratories, and retain one part. 

(5.) In any proceeding uuaer tliis section the certificate of the principal chemist of 
the result of the analysis shall be sufiicicut evidence of the facts therein stated, unless the 
defendant require that the ijeraou who made the analysis be called as a witness. 

(6.) If, in any case, the Commissioners of Customs are of opinion that an offence^, 
against this section has been committed, they shall communicate to the Board of 
Agricultui'e for their information the name of the importer and such other facts as they, 
possess or may obtain as to the destination of the consignment. 

(7.) For the pur].Kises of this section an article of food shall be deemed to bo adulterated. 

)r impoverished if it lias been mixed with any other substance, or if any part of it haa" 
been abstracted so as in either case to atfect injuriously its quality, substance, or nature, 
Provided that an article of food shall not be deemra.to be adultomted by .reason only,. 

[>f tlio addition of any ju'eservative or colouring matter of such a nature and in eOXih 
^[uautity as not to render the article injurious to health. J.' 

2.— (1.) The Local Government Boaid may, in relation to any matter appearing Id’ ■ 
that Board to aifcct the general interest of the consumer, and the Board of* Agrioultun^ 
may, iu relation to any matter a}q)earing to that Boaid to affect the general interests 
ignculture in the United Kingdom, dii'ect an officer of the Board to procure for aualys»(«^ 
Munples of any article of food, and there^on the officer shall have all the powers of 
mring samples oonfen'ed by the Sale of Food and Drugs Acts, and those Acts shall appM 
IS if tlie officer were an officer authorised to procure samples under the Sale of Food 
Umgs Act, 1876, except that— ^ 

(a) the officer procuring the sample shall divide the same into four parts, and ilha^ 
de|d with three of such parts in the manner directed by section fourteen of the 
of Food and Drags Act, 1875, as amended by this Act, and shall send the 
part to the Board, and 





{h) tlio fee for analysis shall be payable io the analyst by the local authority of tiM 
■\ ' . place where the sample is procured. 

(2. ) The Board shall communicate the result of the analysis of any such sample to 
the local authority, and thereupon there shall be the like duty and power on the part of 
rtl’o local authority to cause proceedings to be taken as if the local authority had caused 
*the anolysis to be made. 

8.—(l.) It shall be the duty of every local authority entrusted with the execution of Pow_ 
the laws relating to the sale of food and drags to appoint a public, analyst, and put in 
force from time to time, as oceasion may arise, the powers with which they are invested, 
so as to provide proper securities for the sale of food and drugs in a and genuine Agrievir^ 
condit ion, and in particular to direct their c^licers to tako.8ain])les for analysis. • act to 

(2.) If the Local Gloverninont Board or Board of Agiicultnre, afbsr ctjmmunioation 
with u local authority, are of opinion tliat the local antliority have iuilod to execute or * 
eiifoicft any of the jirovisions of tlie Sale of Food and Drugs A«*ts in relation to any article 
of food, and that their failure affects the g(ineral interest of tin; consumer or the general 
interests of agi’iculture in tlio United Kingdom, as the case may be, the Board concerned, 
may, by order enqxrtvur an oflQcor of the Boai*d to execute and enforce those provisions or 
to procure the execution and enforcement thereof in relation to any article of food 
mentiened in the order. 

(3. ) The expenses incurred by the Board or their officer under any such order shall l>e 
treaitid as expenses incurred by the local authority in the execution of the said Acts, and 
shall be jiaid by the local authority to the Board on demand, and in default the Board 
njay recover the amount of the expenses with costs from the local authority. 

(4.) For t1»e purposes of this section an order of the Board shall bo conclusive in re- 
■spect <jf any default, amount of expenses, or other matter therein stated or appearitig. 

(5.) Any public analyst appointed under the Sale of Food and Drugs Acts shall 
furnisli such proof of competency as may from time to time bo reqnirwl by rnguhition 
framed by the Local Government Boai-d. 

4 . — .(I.) Tho Board of Agriculture may, after such inquiry as they deem necessary, Pow^rl^^ 
make%ogul;vtioii8 * for determining what deficiency in any of the nonnal constituents of 

genuine milk, cream, butter, or cheese, or what addition of extraneous matter or ])ro* 
poi’tion^)f water, in any sam})le of milk (including condensed milk), cream, butter, ortlons'niS 
cheese, shall for the purposes of the Sale of Food and Drugs Acts raise a presumption, 
until the contrary is proved, that tho milk, cream, butter, or clieese is not genuine or is 
' injurious to healtn, and an analyst shall have regard to such regulations in certifying the 
result of an analysis under those Acts. 

(2.) Any regulations made under this section shall be notified in the todon and 
Edinburgh Gazettes, and shall also be made known in such other manner as the BoaiHl of 
Agriculture may direct. 

5. The provisions of the Margarine Act, 1887, as amended by ibis Act, sliall extend 
to raaTgarine-oheose, and shall apply accordingly, with the substitution of “margarine- 
cheese” and “cheese” for “margarine” and “ butter,” aud provided that all margarine- 
< cheese sold or dealt in uthorwiso than by retail shall either be inclosed in packages marked 
. in accordance with the Margarine Act, 1887, as amended by this Act, or bo itself con- 60 

^spicuously branded with the words ‘ ‘ margarine-choese. ” 

6. -- (1.) Where under this Act or the Margarine Act, 1887, it is required tliat any 
package containing margarine or margarine ctieese shall be branded or marked, the brand ^ 
or mark shall be on the package itself and not solely on a label, ticket, or other thing 
attached thereto, 

^ (2.) The letters reouired to be printed on the paper wrapper in which marmrine or 

mar^rine-cheese is sold shall be capital block letters not less than half an inch long and 
distinctly legible, and no other printed matter shall appear on tho wrapper. 

(3. ) The words ' ‘ or with ” in section six of the Margarine Act, 1 887, shall be repealed. 

• 7.— (1.) Every occupier of a manufactory of margarine or margarine-cheese, ana every 

wbolesalo dealer in such substances, shall keep a register showing the quantity and destina- to, 
tionofeachooisignment of such substances sent out from his manufactu^ or place of 
.business, and this register shall be open to the inspection of any officer of the Board of 
;;Agrioulture. 

r, . (2.) Any offioer of the Board of Agriculture shall have power to enter at all reasonable 
- 'ttimes any manufactory of margarine or margarine-cheese, and to inspect any process of 
Imanufacture therein, and to taxe samples for analysis. 

(8.) If any such occupier or dealer— 

(a) fails to keep such a register, or 

(h) refuses to produce the registor when required to do so by an officer of the Board 
of Agriculture, or 

I The regolatioDf HMMto under this leeUon wiU be found at pp. 46, 46. 



Jails to ke^ tke re^siier {x^ted up to dato^ or 
U) wilfully mflkes any entiy in the register whicii is raise in any paracui8r.,<v- - 
(c) fraudulently omits to enter any i)articular which ought to m entered in ^ 
register, 

ne shall bo liable on summary conviction for the lirst offence to a fine not exceeding toz 
pounds, and for any subsequent offence to a fine not exceeding fifty iKtunds. 

(4.) The provisions of section nine of the Margarine Act, 1887, relating to remstratioi 
of manufactories sliall extend to any ])Femises wlierein the business of a wholesale deaUi 
ill margarine or margarine-cheese is carried on. h 

(5.) The registration of a manufactory or other premises shall be forthwith notified bj 
the local authority to the Boai’d j^f Agriculture. 

^ 8. It sliall be unlawful to manufacture, sell, expose for sale, or import any margarine 

the fat of whicli contains more than ton per cent, of butter fat, and every person whi 
manufactures, sells, exposes for sale, or imports any margarine which contains more tbai 
that jiercentage, shall be miilty of an offence under the Margarine Act, 1887, and am 
defence which would be a defence under section seven of that Act shall be a defence unde 
this section, and the provisions of the fprmer section shall apply accordingly. 

Provided that nothing in tliis section .shall apply to any mar^rine. manufactured o 
impoitod in fulfilment of any contract iiiade before the twentieth” day of July one thousaui 
eight hundred and ninety-nine. ^ 

9. Every pereon who, himself or hy his servant, in any higliway or jilac^of publi 
I resort, sells milk or cream frem a veliicle or from a can or other receptacle shall hav 
■ { inserilxMl on the veliicle or receptacle his name and address, andr«in defaul 


shall be liable on siimiiiaiy conviction to a fine not exceeding two pounds, 

10. In the case of a sample taken of milk in couree of delivery, or of rtlirgarine o 
j niargariiie-cbecse foiwarded by a public conveyance, the peison taking the sample sha! 

* forward by registered parcel or otlierwiso a portion of tlie sample marked, and sealed, c 
fastened up, to the consignor if his name and address appear on the can or packag 
containing the article sampled. 

n. Every tin or other I'^optaclo containing condensed separated or skimmed mil 
must bear a label clearly visible to the purchaser on which the words “ Machiue-skimme 
Milk,” or “Skimmed Milk,” as the case may require, are printed large and legibl 
typo, and if any pereon sells or exposes or offers for sale condensed separated or skimme 
milk in contravention of this section lie shall bo liable on summary conviction to a fin 
not exceeding ton pounds. 

12. The label refeiTed to in section eight of the Sale of Food and Drugs Act, 1871 
shall not he deemed to be distinctly and legibly written or piiutod within the mtianin 
of that section unless it is so written or printed that the notice of mixture given by tt 
label is not obscured by other matter on the label ; Provided that nothing in this enaoi 
ment .shall liinder or affect the use of any registered trade mark, or of any label whic 
has been continuously in use for at least seven years before the commencement of th 
Act ; but the Comptroller-General of Patents, Designs, and Trade Marks shall notregisti 
anj trade mark purporting to describe a mixture unless it complies with the requiremeui 
of this enactment. 

i 18. In section fourteen of the Sale of Food and Di-ugs Act, 1876, the words “ offer to 
and the woids “ proceed accordingly and shall ” shall be re^iealed. ^ 

* 14, The provisions of section tbiw and section four of the Sale of Food and Drm 
« Act Amendment Act, 1879 (relating to the taking of samples of milk in course of 

, livery), shkll apply to every other article of food: Provided that no samples shall 1 
f taken under this section except u)k)ii the request or with the consent of the purcliaaer ( 
consignee. 

15. In section sixteen of the Sale of Food and Drugs Act, 1875, the words “ registerc 
pareel ” shall be substituted for the words “ registwod letter.” 

16. Any person who wilfully obstructs or impedes any inspector or other officer in tl 
coarse of his duties under the Sale of Food ana Dregs Acts, or by any giatuity, brib 
promise, or other inducement prevents, or attempts to prevent, the due executipn by sac 
mspector or officer of his duty under those Acts, shall m liable, on summary oonvictioi 

; for the first offence to a fine not exceeding twenty pounds, for the second offence to a fii 
' not exceeding fifty jKmuds, and for any subsequent offence to a fine not exceeding oi 
^ hundred pounds. 

^ J 17. -—(I.) Where, under any provision of the Sale of Food and Drugs Act, 1875, 

person guilty of an offence is liable to a fine which may extend to twenty pounds as 
^^^naximum, he shall be liable for a second offence under the same provision to a fins A 
^^ceeding fifty pounds, and for any subsequent offence to a fine not oxcsedii^ 9 
-iundred punds. 

' (2.) Where under any provision of the Sale of Food and Drugs Acts, a person 
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vcfliodin or imposed on the Secretary for Scotland in relation to the Sale of FoOd &iid i 
Drugs Acts sliall be transferred to, vested in, or imposed on the Local Government? 
Board for Scotland. 

24. This Act shall apply to Ireland with the substitution for “the Board of Agri- 
culture” of “ the Department of Agriculture and Technical Instniction for Ireland,” and 
for “the Local Government Board ” of “ the Local Government Board for Ireland,” and 
for “ the London and Kdinburgh Gazettes” of “ the Dublin Gazette.” 

2.'). In this Act, unless the context otherwise requires— 

The expression “ iiiargarine-checse ” means any substance, wln-ther compound or 
otherwise, which is prciuired in imitation of cheese, and which contains fat not 
derived from milk : 

The exj)i’ession “cheese” means the subsianc«! usually known as cheese, conbviniug 
no fat derived otherwise than from milk : 

The expression “local authority” meajis any local authority aiitlionsed to appoint 
ail analyst for the purposes of the Sale of Food and Dings Acta, and the ex- 
pression “public analyst” means an analyst so appointed : 

Other expressions have the same jneaning as in the Sale of Food and Drugs Acts, 
and an olleiice under this Act shall be treated as an ollence under those Acts. 

26. For the purposes of the Sale of Food and Drugs Acts, the expression “food ” shall 
include every artiele used for foo<l or drink by man, other than drugs or water, and any 
article wliich ordinarily enters into or is used in the com[a>sitioii oi- preparatifm of human 
foo<l ; and shall also include llavoiiring mattem and condiments. 

' 27 . The enactments in the schedule to this Act are hereby repealed to the extent 
inenlioned in the third coluiiiii of that schedule. 

28.-- (1.) This Act may be cited as the Sale of Food and Drugs Act, 1899, and the 
Sale of Foftd and Drugs Act, 1875, and the Sale of Food and Drugs Act Anieiidmeni Act, 
1879, and the Margarine Act, 1887, and this Act may be cited collectively as the Sale ol 
Food and Drugs Acts, 1876 to 1899, and are in this Act rttferred to as the Sale of Food 
and Drugs Acts. 

(2.) This Act sljall come into operation on the first day of January one thoiisai^ nine 
hundred. 
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BUTTER AND MARGARINE ACT, 1907. 

An Act to make fitkther pkovibion with rkspeci* to the Manufacture, 

Importation, and Sale of Buiter and Mauoakine and similar Substances. 

[7 Ei)w. 7, ch. 21.] 

Be it enacted by the King’s most Excellent Majesty, by and with the advice and consent 
of the Lords Spiritual and Temporal, and Commons, in this present Parliament assembled, 
and by the authority dof the same, as follows ; — 

1. "~(l.) The jn'ovisions of section nine of the Margarine Act, 1887, as amended by Registration 

section seven of the Sale, of Food and Drugs Act, 1899, relating to the registration of 
manufactories of margarine, shall, witli the necessary adaptations, a])])ly to — monto.”***”* 

(a) Butter factories, that is to say, any premises on which by way of trade butter is 60 & Bl Vlct. 
blended, reworked, or subjected to any other treatment, but not so as to cease to 20. 
bebnttcr; and 

{b) any luvrnises on whicli there is manufactured any milk-blemled butter (that is to ' ‘ 

say, any mixture ])roducud by mixing or blending butter with milk or cream (other 
than condensed milk or ereani) or on which there is carried on Iht! business of a 
wholesale dealer in milk-blended butter. 

(2.) T1m‘ [n’ovisions of section seven of the Sale of Food and Drugs Act, 1899, relating 
to registers of eoiisigiiraouts of margarine, shall, with the necessary adaj>tation8, apply 
to consign men Is of inilk-bleiidod hutti'r. 

(8.) I’l'e.mises shall not be used as a butter factory if they form part of or communi- 
cate, otherwise than by a ]mblic stre.et or road, with any other ]>remisos which arc 
required to be registered under the Sale of Food and Drugs Acts or under j)aragiu]»h (6) 
of this section, and if any j)remise8 are so used the occu[»ier thereof shall be guilty of an 
olfeiico under this Act, ami the local authority shall remove from the register of butter 
factoiics kept by them any jiremises used as a butter factory contiury to this provision ; 

Provided that this subsection shall not apply to premises which on the (irst day of 
ilanuaiyaouc thousand nine hundred and seven were being used as a butter factory and 
formed part of or communicated with premises which were then registered undiT the 
Sale of Food and Drugs Acts, if and so long as the Board of Agriculture and Fisheries 
so direct. 

2. --(l.) Any officer of the Board of Agriculture and Fisheries or of the Local lunpectloup! 
Government Board shalMiavc iiower to enter at all reasonable times aify ]»ri‘mist!B Iwtoriei. 
registered under the Sale of Food and Drugs Acts or this Act, and to insjiect any process 

of manufacture, bloiidiug, reworking, or treatment used therein, and to take samplia for 
analysis of any butter, mar^rine, margarine cheese, milk-blended butter, or of any 
aiticle capable of being used in the manufacture, treatment, or adulteration of any such 
article as aforesaid. 

(2.) An officer of a local authority who is authorised to procure samples under the 
Sale of Food and Drugs Acts shall, if specially authorised in that behalf by the local 
authority, have the like powers of entry, inspection, and sampling as regards any 
premises registered with the authority as a butt< r factory. 

(3.) If the Board of Agriculture and Fisheries have reason to believe — 

(a) that on any unregistered premises there is carried on any process of manufacture, 
blending, reworking, or treatment or any wholesale dealing which under tlie Bale 
of Fimd and Drugs Acts or this Act cannot be carried on except on regislw-ed 
premises ; or 

(&) that oil any premises butter is by way of tiii.de either made or stored, and that 
for the purposes of those Acta insjMjction is desiiable, 
the Board may specially authorise any officer of the Board to enter the premises, and in 
such case the oificer shall have the like iiowors of entry, inspection, ana sampling as if 
the premises we^e registered. 

(4.) Where under this section a special authority is required, an officer of the Board 
or of a local authority shall not be entitled to exercise any of his iiowers under this 
section unless, if so requested by or on behalf of the occupier of the premises to be 
' entered, he produces his authority. 

(6.) Subsection (2) of section seven of the Sale of Food and Drugs Act, 1899, is 
hereby repealed. 

8.— If any substance intended to bo used for the adulteration of butter is found in any FroUMMj 
'i; /butter factory, the occupier of the factory shall be found guilty of an offence under this 
Act, and if any oil or fat capable of bein^ so used is found it shall be deemed to be butter 
' intended to be so used, unless the contrary u proved. toriea,- 
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4. - (1.) If any butter which, when prepared for sale or consignment, contains more 
tliaii .sixteen jier cent, of water is in any butter factory, or if any margarine which, when 
[iri'pared for .sale or consignment, contains more tlian sixteen jier eont. of water is in any 
maigarine factory, or if any such butter or margarine is consigned from a butter factory 
or margariiK' f.ictory, the occupier of Ibe factory or consignor, as the case maybe, shall 
(whether the exces.s of moisture is due to aduHeration or not) be guilty of an oifenco 
under thi.s Act, unless the occupier or consignor proves to the satisf.ietion of the court 
that the butter or margarine was not made, blended, rewoiked, or treated in the 
factory. 

(‘2.) 7\ny jiersoii who manufactures, sells, or ex])o.ses or offers for sale, or lias in his 
po.ssi'.ssion lor the pur]>ose of sale, any milk-blended butter which coiilains more than 
twi'iJty-f«Mii- ])Rr cent, of water, shall be gnilty of an oilence. under this Act. 

h.“(h) There shall be included in the li.st of articles importation of whieh is made 
an otience by section one of the Sale of Food and Drugs Act, 1899, the following 
tirtieles : — 

(r) IJutter containing more than sixteim jier cent, of water ; 

(,/■) Alargarine containing more than sixteen per cent, of water, or more than ten per 
cent, of butter fat ; 

{g) .Milk-hli'iuled butter containing more than twenty-fonr per cent, of water ; 

(A) Milk-bleiided butter, except in packages eonsi)ieiioii.-.ly marked with such name 
as may be ajipruved hy the Ihiard of Agriculture aud Fi.sheries for the jnirpose ; 

(y) Ihitter, margarine, or milk -blended butter whicJi contains a preserv.itive pro- 
hiliited by any regulation made under this Act, or an amount of a preservative in 
excess of the limit allowed by any such regulation ; 
and in llu' said section the words “adulti-rated or impoverished butter (otlier tluin 
maigarine) or,” and the wonls “butter or” .shall be repealed. 

(2.) Tlie niaxiinum (me for an otience under the said section one, as amended by tliis 
sirlion, shall, where the article in respect of wdiich the ollemse was committed is butter, 
margarine, margarine cheese, or milk-blcndcd butler, be either sueli as is provided in tlie 
said seetion one, or, at the election of the ComiTiis.si(>iiers of t'ustoms, a fine equal t«* the 
value of the g<»ods imported bearing the same mark or description, to he e.stiuiated and 
tvkeii according to the lute and price for which goods of the like kii 1 but of the best 
quality were sold at or about the time of the importation, 

(o.) In any proceeding under the said section one as amended by this section the 
certiliiiate of the princijial chemist of the Government Laboratories, or, if the jiorson who 
madi' tJie analysis be called as a witness, the evidence of that person, that an imported 
substance is margarine or milk-blended butter shall raise a presumption, until the 
contrary is proved, that the substance is margarine or milk-blomlcd butter, and 
the defendant sliall not be entitled to require the person who made the analysis to 
be called as a witness unless lu sliall, at least three clear days before the return 
day, give notice to the juoseeulor that lie requires his atteinlance, and de]) 08 it with 
the prosecutor a sum sufficient to cover the reasmiahlo costs and expenses of his 
attendance, which costs and expenses shall be paid by the defendant in the event of 
his conviction. 

(4.) Where a sample taken under the said section one as amended by this section is 
certitied by the priiicijial chemist to be margarine or milk-blcndcd butter the Com- 
missioners of CusLoiiis shall upon receiving the certificate forthwith notify the importer 
thereof. 

6. — The power of making regulations under section four of the Sale of Food and Drugs 
Act, 1899, shall extend to making regulations as to the projiortion of any milk-solid 
other than milk-fat in any sample of butter or milk-blended butter. 

7. — (1.) TIio Local Government Board may, after sucli inquiry they deem 
ne(H:ssaiy, make rogiilatioiis for prohibiting the use as a preservative of any substance 
spccitioil in such regulations in the mannfactui’e or preparation for sale of butter, 
margarine, or milk-blended butter, or for limiting the extent to which, either gener- 
ally C'j’ os regard.s any jiairiciilar substance or substances, preservatives, may be used 
in the manufacture or preparation for sale of butler, margarine, or milk-blended 
butter. 

(2.) Any regulations made under this section shall be notified in the London, 
Edinburgh, or Dublin Gazette ns the case may require, aud shall also be made known in 
such other manner as the Local Government Boara may direct. 

(3.) Any person who manufactures, sells, or exposes or offers for sale, or has in his 
pos8es.sion for the purpose of sale, any butter, margarine, or milk-bleiided butter which 
contains a preservative prohibited by a regulation under this section or an amount of a 
preservative in excess of the limit allowed by any such regulation, shall be guilty of an 
offence under this Act. 
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8. — If in any wrapper enclosing margarine, or on any package containing margarine, 
or on any label aitacbod to a parcel of margarine, or in any advertisement or invoice of 
margarine a ^ici-son dealing in margarine describes it by any name otber than either 
“margarine,” or a name combining the word “margarine” with a limey or otber 
d(!«criptive name ap]>roved by tlie Hoard of Agrienlture and Fisberics and printed in 
1; not larger than and in the same colour as tlie wonl “margarine,” be shall be guilty 
of an ollenee under this Act. 

9. — (1.) Milk-blended butter shall be dealt with under such name or names as may 
be approved by the Hoard of Agriculture and Fisheries and under tlie conditions 
applicable to the, sale or description of margarine, with the substitution of an approved 
name for the word “ mjirgarine,” and witli this inodificatii-n, that, in any case Avbere, in 
order to com}>ly with those eondilions, the article is delivered to the juirehaser in a 
wrapper, Iboic shall, in addition to the approved name, be printed on the wrapjier in 
such mannei' as the Hoard :i]ipro\e sueli description of the article, setting out the 
])ereeiitage of iiioistuie. or watoi' contained therein, as may be approved by the Hoard. 

(2.) Milk-blended biitl.i‘r, wioiicvor forwanled by any ]»ublic coiivi'yancn, shall bo 
duly consigned under I lie name which, as ivs]iecls the article consigned, lias been 
approved by the Hoard iimlcr this section ; subject to this inoditication, section eight of 
the Margarine Act, 1887, shall ap])ly to milk-blonded butter in like manner as it apjilie.s 
to inargariiie. 

(3.) If any person deals with, sells, or exposes or offers for sale, or has in his 
possession for the purjtose of sale, or describes any milk -blended butter eoiilrary to the 
provisions of this seetion, be slndl be guilty of an ollenee under ibis Act. but any 
defence wbicli would be a defence under section seven of the Margarine Act, 1887, as 
resjuicts margarine, shall be a defence under tliis seetion as respects milk-bleiide-d butter. 

10. — A name shall not be ajiproved by the Hoard of Agriculture and Fisberics for use 
in eouneeliou with margarim! if it refers to or is suggestive of butter or anything 
coniiee.tcd with the, dairy interest, nor shall such a name be approved us a name under 
whbib milk-bleiidod butter may be imported or dealt with. 

11. ^(1,1 Any person guilty of an ollenee under this Act shall be liable on corivicUun 
under the Hummary .lurisilietion Acts foi a first ollenee to a fine not e.xcee(ling twenty 

» pounds a«id In a se^jond ollenee to aline not exceeding jifty pounds and for a third or 
any subsequent ollenee t<' a fine not exceeding one bumlred pounds, and in cases wlicre 
inijii'isonmeiit can be inllicted under section seventeen of the Sale of Food and Drugs 
Act, 1899, '■) siicli imprisonment as is by that section authorised. 

(2.) Section five of tln' Margarine Act, 1887 (which excmjits e,m])loyors from liabilily 
in ccitaih cases), and section eleven of tlie same Act (wbicli ndalxis to tlie iipf^ropriation 
of penalties), and section twelve of the same Act (which relates to ]iroceodiiigs under 
that Act), shall a[qily to ]iroccedings under this Act, with the substitution of references 
to this Act lor references to the Margarine Act, 1887. 

12. — ICxcept in the Administrative County of London, section eight of the Margarine 
Act, 1887, shall liave oll'cct as if the. words “inspector of weights and measures” were 
inserted after the word “ niiisanees.” 

13. --(1.) For the purposes of the Sale of Food and Drugs Aets ami Ibis Ae,t the 
expression “ martrariii' ” shall moan any article of food, whether mixed with butter or 
not, whie.h resembles butter and is not milk-hlcmb d butter. 

(2 ) Tiie abov.! definition shall be Mihstituted for the deiiiiition of margarine in the 
Margarine Act, 1887. 

14. — (1.) This Act may be cited as the Butter and Margarine Act, 1907, and shall be 
constriieil us one Avith the Sale of Food and Drugs Act, 1899, and may he cited with the 
Sale of Food and Drugs Aets as the Sale of B'ood ami Drugs Acts, 1875 to 1907. 

(2.) Thi.s Act sliall come into operation on tlie first 'lay of .Taiuiury one thousand nine 
hundred and cighl. 


Markins ot 
wrappers, <kc., 
used in con* 
iicctiou with 
margarine. 


Regnlatlou 
of sale of 
niilk-hlended 
Imtter. 


^fameB of 
margarine, 

(&C. 


I’eimlties for 
offences. 


Aroeiidment 
ofs 8 of 
Margarine 
Act, 1887. 
Definition of 
margarine. 


Short title, 
construction, 
and com* 
meiicement. 



INDEX 


Abba’s n'fraftomptor, 2^4-286. 

Abudrmal butteis. J504. 

„ milks, 211, 231. 

Abnislol or asaprol, 240. 

Absintlie, 403, 404. 

,, Adulterations of, 404. 

,, Analysis of, 404. 

,, KllVcta of, 404. 

Absiiitbiii, 41 1, 428. 

Ab^or|ition bands ofldood, 0r»c. 

Absorption spectra, 70. 

Alhtractioii (jftlie constituents of a food, 
35, 683. 

Acenin, K., 29. 

Acetic acid. Distillation of, 449. 

,, ,, in vinegar, 476. 

,, „ Loss of gravity by, 42,5. 

,, ,, Oxidation of alcohol into, 383, 

;!89. 

,, ,, V 111 no of, in boer, 424, 

,, ether, Production of, 382. 

Acetone, Deterniinatiou of, 392. 

Acid brown, 80. 

,, llutyric, 197. 

,, Ciiproic, 197. 

„ Oaprydic, 197. 

,, colours, 83. 

,, Kquinic, 208. 

„ green, 84. 

,, Lactic, discovery by Scheele, 193. 

,, ,, estimation of, 230. 

„ Oleic, 197, 298. 

,, ,, refraction of, 284. 

,, Palmitic, 196. 

,, propionic Detection of, 384c, 

,, Kutic, 197. 

,, Stearic, 196. 

,, value of butter, 290. 

Acidity of milk, 230. 

Acids in beer, 419. 

,, in butter. Distillation of, 294. 

„ fatty, Determination of, 292. 

„ in vinegar, 476. 

,, Volatile, in milk, 229. 

,, in wine, 446-450, 454-456. 

Acorn starch, 143. 

Acridine colours, 82, 83, 

Acrinyl sulpbocyanide, 488. 

Act, Adulteration, 1860, 14. 

„ „ 1860 and 1872, 20. 


Act, Adulteration, 1872, 21. 

1879,22. 

Adams* method of detecting bitters in 
beer, 429. 

,, ,, of milk analysis, 218. 

Adeney’s aera tion process for water analysis, 

. 5 . 53 : 

Adulteration by the Greeks and K«mians, 3. 
,, Delinition of, 32. 

,, in Germany, 13. 

Agrostcmniaas an adulterant of flour, 153. 
Air, Examples of analysis of, 5l.'», 
Albumen, Estimation of, 98. 

,, ,, ,, in milk, 227j 228. 

,, of milk, 199. 

,, of jieas, 180. ,i « 

Albuminoid ammonia, 538. 

Albuminoids of flour, Estimation of, 161. 

,, of milk, Determination of, 

226-228. 

,, of wine, 456. 

Alcohol, :i79-397. 

,, Action of, on benzol chloride, 

383, 384. 

,, laiiling'iiointa, 385. 

„ Davy’s test lor, 383. 

,, Di.stillatioii of, 387. 

Estimation of, 384-390. 

,, „ „ in beer, 418. 

,, ,, ,, in bread, 163. 

„ ,, „ in milk, 243. 

,, ,, ,, in spirits, 384-390, 

,, ,, in wine, 444. 

„ Ethylic, 379. 

,, Grinling’s method of estimating, 

by the boiling- pdnt, 386. 

„ Hardy’s test for, 884. 

„ M ethylic, 390. 

„ Oxidation of, into acetic acid, 380. 

„ Separation of, from organic 

matters, 384. 

,, Specific gravity table of, 380, 881. 

,, Tests for, 382-384. 

Alcoholic fermentation of milk, 260. 
Alcohols, Acidity of, 392. 

, , Identification of, by boiling-point, 

384a. 

,, fractional distillation, 384a, 

production of iodoform, 3S45, 

,, sp. gravity , 884a. 
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Alcohols, Higher, 304 397. 

Aldehyde, ^92, 39,'). 

,, Rreen, 79. 

,, sulphite, 450. 

Vie, 408. 

Ale-tastors, 7. 

Alizarin, 72, 84. 

,, colours, 84. 

Alkali blue, 80, 84. 

,, brown, 81. 

Alkalies, Estiiiuition'nf, 06. 

Alkalinity of water, Detonnination of, .542. 
Alkanot red, 72, 87. 

Allen-Marqiiardt jirocess lor e.sliinating 
aniylic alcohol, 396-7. 

Allen's method of estimating tannin, 336. 
Allspice, 503, 504. 

Almond, Oil of, 50.5. 

,, ,, reiraction of, 289. 

„ shells, .503. 

,, Sweet and bitter, 505-507. 

Aloes in lieer, 429. 

,, purple, 85. 

Aloetin, 428. 

Aloin, 415. 

Alum, Act ivlativo to, 15. 

,, ill bread, 165-169. 

,, ill flour, 158-160. 

,, in wine, 457. 

„ • Physiological elVecIs of, 165. 

,, Quantitative determination of, 167. 
,, ’Ctiuin Hi cochineal, 6S, 69. 

,, ,, in logwood, 73. 

Alumina ])!iO'.pliate, 16S. 

,, Iblation of, to silica in broad, 
168-169. 

Aluminium process for the estimation of 
nitrates, 526. 

Amagat and Jean’s refraetometer, 287. 
Amoriean cheese, 306. 

Amethyst, 83. 

Amido-aeid amide nitrogen, 98. 
Amido-nitro benzol, 458. 

Ammonia, alhumiiioid, Estimation of, in 
water, 539. 

,, frei , Estimation of, in water, 
98, 538. 

Ammonium chloride solution, 571. 

Amoeba, 569. 

Ampbiotcric reaction of milk, 195. 
Amthor’s method of estimating carinml, 
478. 

,, remarks on rancid butter, 306. 
Amygdaliii, 505, 506. 

Amy Ian, 148. 

Amylic alcohol, 466. 

,, „ Brady’s proceas of esti- 

mating, 395. 

,, ,, Traube’s method, 396. 

Analyst Journal, 33, 

Analysts, Appointments of, 583, 593. 
Analytical Sanitary Commission, 19. 
Angelic acid, 401. 

Angelica root, 401. 

Angelicine, 401. 

Anglo'Swisa infants' food, 169. 


Aniline acetate iis a test for pepper, 499. 

,, black, 84. 

„ bine, 80, 87, 88, 90, 92. 

,, gi’een, 86, 87. 

,, oraiige.s, 88, 90, 92. 

„ red, 88, 90, 92. 

„ violet, 87, 88, 90, 92, 458. ' 

„ yellow, 75, 86, 88, 90, 92. 
Anisoliiie, 83. 

Annatto, 86, 241, 507, 509. 

,, Adulterations ol, 508. 

,, • Analysis ol, 509. 

,, odours, 74. 

„ in milk, 241. 

Anllirapuipurine, 84. 

A])hlliou.s mver, Milk in, 250, 258. 
Apparatus for measuring gases, 544. 

,, of various forms for treating 
substances with vidalilc 
solvents, 49 52. 

A])ph‘, Ck>mpositi<m of, 131, 132. 

Apricots, 131. 

Arahiiiosazone, 104. 

Avabiiiosc, 104. 

Aracliidic acid, 511, 612. 

Arachis oil, 511, 512. 

Arate’s analysis of male, 3i 1. 

Archil, 85, 86, 87. 

Archimedes’ detection of base metal in 
lliero’a crown, 3. 

Arcticanus, 234. 

Aristotle's ideas on milk, 189. 

Arnold and Wedemeyor’s method of esti- 
mating nitrogen, 98. 

Arrack, 402. 

Arrow-root, 141, 144, 145. « 

„ Early instance of adulterated, 
28. 

Arsenic, Epidemic poisoning hy, 435. 

,, Estimation and idcntiflcalion of, 
436-411. 

„ ,, by lierntrop’s lest, 440. 

,, „ by llutzcit test, 436. 

„ ,, by Marsh - Berzelius’ 

process, 436 -440. 

,, ,, by Hoin.seh’s test, 436. 

„ ill beer and foods generally, 435- 
441. 

,, in cbecBC riml, 309. 

,, in glucose, 435. 

,, in hops, 438. 

,. in malt, 438. 

Anmi '.larch, 143. 

Ash, 93-96. 

„ Alkalinity of, 94, 

,, Deter miration of all the constituents 
of, 94. 

„ of barley, 172. 

„ of beaus, 186. 

„ of beer, 417, 432. 

„ of bread, 163, 164. 

„ of butter, 277. 

„ of chicory, 859. 

„ of cocoa, 870. 

„ of lentils, 184. 

„ of maize, 175. 
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of malt, 411. 

,, of milk, 201, 228. 

,, of 17G. 

,, ni' mu.sLani, 487, 491. 

,, of oat, 171. 

,, of ]io:i, lyO. 

,, of popjier, 495-497. 

,, of polato, 177. 

,, of rice, 174. 

„ of rye flour, 17.‘j. 

,, ofau^oir, 105, 107, lo8. 

,, ofte.i, 839-812. 

,, of vint'f'iir, 474, 470. 

,, ofwhciit. 146. 

,, of wine, 408. 

,, ofyoa.st, 400. 

,, Soluble, 93. 

,, Total ])i‘rt*eiitage of, 03. 

Aslies, Ski'letoii, 328. 

Asparn^ms, (lolomiii^f matler.-. of, 74. 

As]i(*rmllus glaiu'us, 105. 

Asses’ milk, 200. 

A. ssize of bread, 5. 

,, Statute of, 5. 

Astriugciit matters in wine, 450. 

Atlas red, 84. 

Atropine, 429. 

Auramine, 83, 85. 

Auraiitia, 84. 

Auririo, 71, 83, 85. 

Aurotiiie, 84. 

Averroes, Ideas of, tm milk, 189. 

Avioemia's ideas on milk, 189. 

A/.iiies, 82, 83. 

Azocariiiinc, 83. 

A/.o-eolours, 81. 

A zoxy- colours, 81. 

Azuriue, 83. 

llAim()('K\s nietliod o! fat extraction, ‘223. 
,, ,, of taking milk solids, 

‘217. 

Bacillus antliraeis, 560, 

,, coll communis, 562-568. 

,, cyanogenus, *260. 

,, enteritidis sjwro^enes, 258, 566. 

,, prodigiosus, 105. 

,, proteus vulgarLs, 565. 

,, Tubercle, 257. 

,, tyjdiosus, 564. 

Bai teria, 557. 

,, Estimation of, in water, 559. 

,, ill brcAd, 165. 

,, ill milk, 259. 

,, Table of culture media, 563. 

Bakers’ Act, 1863, 15. 

,, frauds in the fourteeutb century, 

B. iker.s in the time of Pliny, 4. 

Baking, Cliangy.s which Hour undergoes in, 
163. 

Banana starali, 144. 

Bardv’s method of e.stima ting amyl alcohol, 
395. 

Baiiiim cbromate in sweets, 123. 

Barley, 171. 


Barley and malt, Compo.sitioii of, 410. 

,, bread, 17‘2. 

„ slareh, 143, 144, 145. 

Bartoletus, 25. 

,, Treatise on milk by, 190. 

Basie colours, 83. 

Basle blue, 83. 

Bastelaer’s method of detecting rice adul 
Icriitioii, 174. 

Batata slarfdi, 14.5. 

Baiidoiiiirs tost, 280. 

Ba\aiian beers, 409. 

Beamish, Harriiigtim and Korrest on Irish 
butters, 276. 

Bean .starch, 142, 145. 

,, in Jloiir, 157. 

Beans, 185. 

Bcaume on the determinaiion ot salt in 
milk, 193. 

Biicelii’s test for cotton seed oil, 281, 512. 
l>('cbjiin])'s experimenls on tlie .sepiiralion 
of alcohol from brain of an ox, 384. 
Becker's method of e.sli mating tannin in 
tea, 337. 

Beckmann on the detection of glucose in 
honey, 125, 

Beckman’s tliennometer, 283, 302. 

Beech leaf. Description of, 330. 
Beef-dripping, 283, ‘289, 311. 

Beer-sleiirin, Detection of, 316. ** 

Boer, 408-435. 

,, Analy.sis of, 418. 

,, ami porter, Acts ndative to, 16. 

„ Ash of, 417. 

,, ,, ,, determination of, 432. 

„ bitters, 412. 

,, Extract of, 521. 

,, P’ramlulent fuactiees of oaily 
brewers, 7. 

,, Identification of bitter used in, 426- 
432. 

,, Original gravity «*f, 419. 

„ Sour ferments of, 408. 

,, Volatile and fixed acids of, 419. 
Bees’*\vax, 127. 

Beet sugar, Ash of, 107. 

,, ,, Coiupo.sition of, 109. 

Beetroot as a eolonring matter of wine, 
4.59, 462, 463, 464, 467. 

Bell 011 alum in bread, 168. 

Bellior’s method of detecting cocoa-nut oil 
in butter, 303c. 

Bengal red, 85. 

Beuseinaim’s analysis of cocoa, 373, 374. 
Benzo-fliiorine, 83. 

Benzo-pnrpurine, 84, 

Benzoic acid in milk, 240. 

Benzoyl chloride, A('tion of, on alcohol, 383. 
Benzyl violet, 83. 

Berntroji’s test for arsenic, 440, 

Bevan’s observations of the increase of milk 
solids by use of formalin, 237, 26‘2. 
Biebrich red, 458. 

,, scarlet, 72, 85. 

Bigelow and MncEIroy on the estimation 
of carbohydrates in condensed milk, 265. 
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Bilberry, 131. 

Biological*i>rt)C(‘sscs for tho examination of 
drinking water, 5r)3-.%9. 

Bisiuaick brown, 80, 83. 

BisinuUt, Dotectiou of, in milk, 248. 
Bitch’s milk, 209, 210. 

Bitter milk, 261. 

Bitters used in brer, 412-417, 426-432. 
Bixin, 74, .^>08. 

Bjorkluiid’s test, 366. 

Hlaokberry, 131-13^. 

Blair’s method of moist roinbustion, 547. 

,, water standards, 570. 

Blood in milk, 214. 

Blue, Alkali, 81. 

,, Alpine, 84. 

,, colouis. 81}, 84 
,, milk, 260. 

Boe.rliaavc’s views on milk, 190. 

Bolieio acid, 3*26. 

Boliomiaj) tea, 343. 

Boiled milk, Test tor, 233. 

Boishoudran’s method of obtaining sj^rk 
spectra, .59 

Bolas on alcohol in hread, 163. 

Bollinger’s experiments on tubercle, 255. 
Boracic acid, De.toctiou of, 234. 

,, ,, ,, ,, in wine, 442. 

„ ,, Estimation of, 235, 

,, ,, ,, butter, 278. 

Bordeaux verdissant, 467, 

Bottg^i , Ih, Ks^mation of glucose in the 
presence of cane sugar by, 106. 
Boussingauil’s analysis nf the secretion of 
tile milk tree, 211. 

„ analysis of wine ash, 468. 
Bontioii-Cluirlard, 31. 

Boyle, lion. Itobort, 25. 

Bran, 147, 150. 

Brandy, 386, 397, 398. 

Brasileiii, 73. 

Brasiline, 73. 

Brazil nut shells, 503. 

,, wood, 85, 86. 

,, ,, ill vMiie, 462, 463, 466. 

Bread 162-169. 

„ Acts, 15. 

„ Adulteration of, 165. 

,, ,, with iron, 7, 

,, Alteration of, by moulds, 165. 

,, black. Digestibility of, 164. 

,, Alcan composition of, 164. 

„ Old German regulations relative to, 
18. 

Breed, Relation of, to quality of milk, 245- 
246. 

Brewing, Water used in, 410. 

,, frauils, 29. 

Brilliant green, 83. 

,, yellow, 84. 

Bromine in water, 521. 

Brown, 0. A., on runcid butter, 305. 

,, and Bellonmilk from starved cows, 
247. 

„ and Heron on estimation of maltose 

and dextrin, 130. 


Brown, Morris and Millar on reducing 
power of sugars, 11.3. 

Brown colour.^, 80. 

Brown’s analysis of honey, 124, 

Brucine in beer, 429, 

„ in estimation ol nitralcs, 523. 
Brucke, E., on estimation of glucose in 
presence of cane sugar, 106. 

Brulle’s method of (li.stinguishing Imtter 
from margiiriiic, 290. 

Buckwheat, 145. 

„ hulls, 197. 

„ starcli, 145. 

Buffalo milk, 209. 

Bunge’s method of estimating alkalies in 
ash, 96. 

Bunsen’s valve, 94. 

Bussy, A., 31. 

Butter, 46, 271, 274-305. 

„ Acid value of, 29l). 

,, Analy.sis of, 274-305. 

,, ,, ,, insoluble fatty aciili> 

in, 297. 

„ ,, ,, rancid, 305. 

,, and Margarine Act 1907, 597-599. 

„ Ash of, 277. 

,, average values for standard tests, 

304. 

„ Colouring matter of, 278. 

„ Coniptisitioii of, 272. 

,, Oryosopic analysis of, 302. 

,, Microscopical examination of, 274. 
„ Milk-bleiidcd, 274, 276. 

„ Old Fi-euch regulations legardiug, 
11. 

„ preservatives, 277. 

,, Process or rcuovatetf, 274. 

,, Proximate analysis of, 274. 

,, sfilo of. Regulations for, 46. 

,, Salt, 276, 277. 

,, Water in, 275. 

„ Yellow, 278. 

Butter fat, 271, 272. 

„ ,, Acetic acid test for, 279. 

,, ,, Analysis of, 279. 

„ ,, Decomposition of, into fatty 

acids and glycerin, v:92. 

„ „ Iodine value of, 3ii0, 304. 

„ „ Melting-point of, 281 284. 

„ ,, Patterns of, 279. 

- „ „ Refraction of, 284-289. 

„ ,, Specilic gravity of, 289. 

,, ,, Titration of, by alcoholic 

potash, 291. 

„ „ Yiscometry of, 290. 

,, „ Volatile acids of, 294. 

Buttermilk, 271. 

Butyric acid, 197. 

„ ,, Detention of, 384c. 

,, ,, Fermentation, 260. 

„ ether as a test for butter, 299. 
Butyrin, 197. 

Caffkakink, 348. 

Caffeine (see Thtine). 

Caffco tannic acid, 348. 
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Calcic (‘hloride, Standard fiolution of, 571. 
Calculation of milk-fiit, 223. 

Culutnba starch, 1 42. 

Camellia sassaiiqiia, 330. 

Camel’s milk. 200. 

Camcmlx'i t cheese, 306. 

Cane suffav, 1 04. 

„ ,, Ash of, 107. 

,, ,, ffi’oiin, 104. 

,, ,, ill milk, 238, 264. 

Caniia sirrow-root, 141, 144. 

Capi'fvic acid, 107. 

Caproiii, 197. 

Caprylic acid, 197. 

Capiylin, 197. 

Capsaicin, fjOl, 

Capsicin, 428, 601. 

Capsicol, 501. 

Caramel, 80, 478. 

,, in ndlk, 241. 

Oaranichnu!, 81. 

Oaramcliti, 81. 

Csranudiiio, 81. 

Carhazol test for nitrates, 524. 

Carbazotic acid, 74 
Carbo-hydrates, (/las.si Heat ion of, 103. 

,, E.stimation of, 111-121. 

„ „ „ in milk, 

224-226. 

Carbon, organic, Estimation of, in water, 
542. 

Carbonic acid in ash of food, 94. 

,, ,, in beer, 418. 

Cardamums, Oil of, 401. 

(/arniinapbtli, 84. 

Carmine green, 86, 87. 

,, rod, 68. 

Carminic acid, 68. 

,, ,, nb.soi ption factor, 69. 

Carob-treo fruit, 3.56. 

Cartliamic acid, 78. 

Oartlianiine, 78. 

Casainujor’s method of detecting starch 
sugar in cane .sugar, 106. 

,, te.st for butter, 279. 

Casein, 198. 

,, Estimation of, in milk, 227. 
Ca.ssal’s method of detecting borax, 234. 
Cassava starch, 145. 

Cassia, 508, 504. 

,, seed in enflfee, 356. 

Castor oil, 509, 513. 

Catechu, Detection of, in tea, 343. 

Cat’s milk, 209, 210. 

Cayenne pepper, 600-502. 

,, ,, Adulterations of, 502. 

Cellulose, 135. 

Centaurea bitter, 428, 429. 

Centrifugal machines, 218. 

Cerealin, 147. 

Certificate of analyst, 42. 

,, ,, „ received as evidence, 

685. 

Certificates, Forged, 686. 

,, Form of, 584, 588. 

Ceylon oil in butter, 805. 


Chapman, Analysis of ticucle by, 130. 
Chatin’s mctliod of detorniiniu" iodine in 
water, 522. 

Cliattaway, Pearmaiii andMooron Valenta’s 
test, 279. 

,, n n M on estima- 

tion of chi’eso-fat, 307. 
Cheddar cheese, 30G. 

Cheese, 305-309. 

„ Adiiltciations of, 308, 309. 

,, Analysis of, 3(<7, 308. 

„ fat, volatile acids, 309. 

„ „ Zeiss on the refractometer value 

of, 309. 

„ Ripenijig of, 307. 

Cherries, 131. 

Cherry-liiurel leaves, .506. 

Clii'stniit, 143, 145. 

Clicvallier's dictionary, 31. 

Chicoiy, Adiiltciations of, 18. 

,, Analysis of, 353, 359. 

,, Detection of, 3.54. 

,, Induence of, \^bcn mixed with 

coffee, 359. 

„ Specific gravity of iiifinsions of, 

360. 

,, Treasury Minute as to, 17. 
Chillies, 500. 

Cliinose peas, 164. 

Chlorauthus inconspieiins, 332. 

Chlorine in ash of food, 93- 95. 

,, in colfeo and clii ory, 361. 

,, Estimation ol, in water, 521. 

,, in wine, 448, 

Chloroform process J'or the separation of 
alum from dour, 158. 

Chloroplijll, 77. 

Chocolate, 365. 

„ Adulterations of, 375. 

„ French, 365. 

,, Spanish, 365. 

,, Vanilla, 365. 

Cholera and milk supply, 257. 

,, red reaction, 667. 

Cholesteriii, 315. 

„ in beans, 186. 

„ in peas, 1 80. 

Choline, 413. 

Chrome violet, 84. 

Chromic acid as a test for alcohol, 388. 
Chrysaminc, 84. 

ChrysHiumic acid, 88, 90, 92. 

Chrysanilinc, 77. 

Chrysanine, 84. 

Chrysoidine, 76, 83, 85, 458. 

Chrysoline, 83. 

Chrysophaiiic acid, 75. 

Chiysophyll, 78. 

Chrysotoluidine, 468. 

Chuuo, 178. 

Cider vinegar, 473. 

Cigar ash, 328. 

Cinnamon, 503, 504. 

Citric acid juices, Analysis of, 480-482. 

„ „ in milk, 203, 228. 

Gladothrix, 557. 
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Claret, Fictitious, 456. 

Clarke’s yiodificatioii of Reinsch’s test, 
436. 

,, soap test, 542. 

'"llausnizcr and Meyer’-s fornml.! for cal- 
culating milk fat, 223. 

Clausnizcr’s method of estimating j'lycmn, 
426. 

„ ether-extracting apparatus, 49. 
Clayton cloth red, 84. 

,, yellow, 81.* 

Climate and milk, 247. 

Clovtis, 503, .505. 

Cnii-in, 415, 428. 

Coal-tar dyes in milk, 241. 

Cochineal, 68, 86, 462, 463, 466. 

Cocoa, Adullorations of, 374. 

,, and chocolate, 363-376. 

„ Ash of, 36.5, 370. 

„ butter, 36.5, 3i>(i. 

,, (Joinposition of, 365. 

„ Epps’s, 365. 

,, essence, 365. 

,, fibre, 370. 

,, Granulated, 365. 

,, Homceoitathic, 365. 

,, Maravilla, 365. 

,, Microscopical characters of, 364. 

,, Nitrogenous oon.stiluonts of, 374. 

,• -nut oil, 289, 305, 509. 

„ ,, ,, ill butter fat, 303- 303f. 

„ • „ shelft, 503. 

,, red, 368-870. 

,, shells, 603. 

Cod-livc.r oil, Refraction of, 284. 

Cceruline S, 84. 

ColTcc, 3 16-368. 

,, Acts relative to, 17. 

,, Adulterations of, 18, 353-363. 

,, Analysis of, 360-352. 

,, Carbo-hydrates in, 350. 

,, Chemical changes of, during roast- 

ing, 347, 348. 

„ Constituents of, 848-350. 

„ fat, 348. 

,, imitation berries. Composition of, 

„ 364. 

„ infusion, Specific gravity of, 360. 

,, Microscopical structuro of, 346, 

847, 3.54. 

„ Oil of, 850. 

,, Soluble ash of, 859, 360. 

,, Specific gravity of, 351. 

„ „ „ of infusion of adul- 

terated, 360. 

„ „ ,, of infusion of mixed 

chicory and, 361, 
362. 

,, Treasury Minute as to, 17. 

Coffin’s food for infants, 169. 

Cognac (see Brandy). 

Gohnheim’s experiments on tuberculosis, 
255. 

Colchicine in beer, 412, 429. 

,, in milk, 248. 

Cold, Action of, on milk, 261. 


(’olloge of Physicians in the fifteenth 
century, Inspoction of foods by, 9. 
Colocynth hitter, 429. 

Cologne, Adulteration of wine in 1451 at, 
13. 

Colorimeters, 60. 

Colour and colouring matters, 69-92. 

„ ,, „ of sweetmeats, 122. 

Colouring of food and ilnigs, 582. 

,, of milk, 241-242. 

„ matter, Estimation of, 60. 

„ ,, in vinegar, 478. 

,, ,, in wine, 467-467. 

Colza oil, Constants of, 289, 510. 
Commaillo’s method of determining theine, 
334. 

Committee on Food Preservatives, ete., 
237, 241, 269, 277. 

,, on Milk and Cream Ib'gula- 
tioiis, 231, 247, 269. 

„ Soleci, 1874, 21. 

,, ,, on Adulteration oi 

Food, 1855, 19. 

C-'oiicrete sugar, Analysis of, 109. 
Condi'iised milk, 262-267. 

,, ,, Adulteration of, 266. 

,, ,, Analysis of, 263-26.5. 

„ ,, as an adulterant of cow’s 

milk, 233. 

„ ,, Calculation of original 

eomposition ol', 265. 

„ ,, Degree of coucentratu»ii 

of, 266. 

Cones, 166. 

Confee.tionery, sweetmcits, 121-123. 
Oonlorvae in ^\ater, 556. ^ 

Congo red, 72, 84, 85. 

„ yellow, 84. 

Copper, 20. 

,, in milk, 202. 

,, in peas, 181-183. 

,, in vegetables, 20, 181. 

,, in water, Test for, 520. 

,, Quantity of, ]»eriniltetl in Fiance 

and Italy, 182. 

„ Recommendation of I)e|iai'tmeiital 
Goiiimittee as to use of, for col- 
ouring food, 183. 

,, Toxieologi(‘al action of salts of, 
in food, 182. 

„ Tunnicliffe’s experimon ts on effects 
of salts of, in food, 182. 

,, zinc eoiiple, 625. 

Copper sulphate in bread, 165. 

,, ,, standard solution of, 671. 

Coralline, 71. 83, 85, 86, 88, 90, 92. 

Corn, Adulteration of, 5. 

,, cockle in wheat, 154. 

Cotton scarlet, 84. 

„ seed oil, 284, 289, 609, 511, 612. 
Cotton’s method of det^tiog cunc sugar 
in milk, 288. 

Cows, Food of, 249, 

Crab vinegar, 474. 

Cream, 267-270. 

„ cheese, 806 . 
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Creighton, Dr. C., on tuberculosis, 256. 
Crenothrix, .557. 

Crime in eleventh and twelfth coutnrics, 4. 
Crisiner’s teat for butter, 280. 

Groceine, 85. 

„ orange, 76. 

,, scarlet, 72. 

Crook, W. G., his method of testing butter, 
279. 

Ci’ookt'S, Odling and Tidy's colour meter, 
618. 

Crum ju’ocesa for estimation of nitrates, 
527. 

Cryo8CO])ic method of examining butter, 
302. 

Crystal violet, 83. 

Cupric reducing power of dextrose, levu- 
lose, and in vet t 
sugar, 113. 

H II tt of sugais, 111. 
Cura^oa, 403. 

Ciircas oil, 609, 613. 

Curcuma arrow-root, 141, 144. 

Curcumin, 74. 

Curds, Analysis of, 306. 

Currant, 131, 134. 

Cyanine, 84. 

Cyclamino, 83. 

Damuonh, 132. 

Daphne bitter, 428. 

Daphnin, 416. 

Dari starch, 142. 

Darnel, 156. 

Date cotfee, 355. 

,, vinegar, 582. 

Date-stone.s, 603. 

I, ,, as a cnfToe adulterant, 355, 
357. 

Davy’s test for alcohol, 383. 

Death in the Pot, 29, 80. 

Deniorara cane sugar, 108. 

Deniges reagent, 229. 

Depairo’s process for detecting picrotoxin, 
430. 

Dejmty, Appointment of, by inspector, 41. 
Desmidsin water, 567. 

Devon oreHm, 268. 

Dextrin, Detection of, in cane sugar, 106. 

„ , in milk, 233. 

,, Estimation of, 129. 

Dextrose, 110. 

Diarrhcea caused by milk, 258. 

Diastase, Preparation of, 136. 

DiMin’s method of investigating water, 
664. 

Diuitro-benzoates of the alcohols, 3846. 
Dioscorides, 4. 

Dioxine, 84. 

Diphenylamine as a test for nitrates, 624. 

„ blue, 84. 

„ orange, 76. 

Diphenylmethane odours, 82. 

Diphtheria and milk, 267. 

Dirok’s metliod of estimating volatile oil 
of mustard, 489. 


Disc method of taking melting-points, 281 
Divisors for sugar solutions, lli, 117. 
Donne, 28. 

, , Ctmrs mimMCopigue, 1 90. 

,, method ol detecting potato starch, 
166. 

Dons, R. K., method of determining cocoa- 
nut oil in butter- fat, 303c. 

Doorschodt, Analysis of milk by, 191, 
Donzard’s method of estimating starch, 
139. 

Dragendorlfs analysis of tea, 326, 334. 

,, method of detecting picro- 

toxin, 431. 

,, ,, for estimation of 

starch, 136. 

„ process applied to beer, 427- 

129. 

Dripping, melting-point of, 283. 

Druggists, Old position and regulations of, 
9, 11. 

Drugs, Adulteration of, 34. 

,, Colouring of, 682. 

,, Compounded, 34. 

,, Old German regulations as to, 14. 
Diying oils. Tests for, 505. 

Duclaux’s analyses of butter-fat, 272. 

„ metliod of distilling volatile 
acids, 449. 

,, observations on heated milk, 261. 
Dulciuc, 136. 

Dumonchaux on milk, Ui. 

Dnnlup cheese, 306. 

Dupre and Hake’s method of estimating 
minute i|Uantitie.s of carbon, 649. 
,, and Thudeihum'a method of esti- 
mating wine extract, 452. 

Duf're s analysis of wine, 447. 

„ experiments on tlie separation of 
alum from flour, 159, 167, 168. 

,, method of burning water residues, 
642. 

,, process for detecting the colouring 
matter of wine, 459. 

Durham -Gruber reaction, 6A7. 

Dutch cheese, 306. 

,, cocoas, 371. 

Dyer, Analysis of chicory by, 353. 

,, ,, of golden syrup by, 128. 

„ Estimation of nitrogen by, 97. 

Edinoton’s observations on scarlet fever, 
258 

IChreiiberg’s Infusorial Life, 28. 

Elaidin test, 606. 

Elderberries as a colouring of wine, 462, 
463, 464, 465, 467. 

Eleiihaut’s milk, 209. 

Ender’s process for detecting bitter prin- 
ciples in beer, 480. 

Eosine, 76, 83, 86, 458. 

Eptis’s cocoa, 366. 

Equinic acid, 208. 

Erdmaun and Schmeeger on milk-sugar, 
200. 

Erffot in flour. 165. 
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Erioolin, 429. 

Eracic acU, 489. 

Kiytliriiie, 83. 

Erythrophyll, 78. 
l^ythrosc, 104. 

Erythrosiiie, 72, 82, 83, S.'i. 

Ester-iodine iiictlnnl of t-stimatin.i' tbc j 
higher ah^ohols, 31)7. 

Eatora, Eaiimalion of, ni wine, 150. j 

Ethers, 393. 

Ethyl orange, 85. 

„ jjurple, 83. 

Ethyloosine in wine, 458. 

Etbylie alcohol, 379. 

Ewart’a description of a disease arising 
from 11 . ilk, 258. 

Excretion of copper, 1 83. 

Expenses under the Sale of Food and 
Drugs Aot, 586. 

Kxtinetion coefficient, 63. 

Extract of wine, 451. 

Extraction of liquid.s, 50. 

,, of .solid.s, 49. 

Facing of tea, 329. 

False warranty, 44. 

Farinaceous food for children, 169, 170. 

Faro beers, 409. 

F.iat black, 83. 

,• red, ^2. 

Fat, pccomposi Lion of, into fatty acids and 
glycciin, 29-jf 
Faults in milk, 260. 

Faust and Schunster’s infants’ food, 
169. 

Fehliiig’s solution. 111. 

Fermentation, 401-408. 

,, Alcoholic, 405. 

FermentcJ liquors, 408-482. 

Ferments of sour beer, 408. 

Ferrous chloride solution, 571. 

Fibre, Estimation of, 498. 

Filhol and .loly on abnormal milk, 213. 
Fischer on the mineral analysis of water, 
553. 

Flavaniline, 85. 

Flavin, 86. 

Flavopurpurine, 84. 

Fieiscumanii’n analysis of esparated milk, 
262. 

Flour, 146-162. 

,, Adulterations of, 156. 

„ Analysis of, 153-162. 

„ and bread, early French regulations 

as to, 10. 

,, Cold extract of, 160. 

„ Fat of, 160. 

,, Le^l case relative to, 162 

,, Millon and Kekule’s analyses of, 

147. 

,, Modern grades of, 150. 

,, Nitrates in, 149. 

„ Nitrogenous constituents of, 148- 

158. 

,, Physical characters of, 146. 

I, Proximate analysis of, 160-162. . 


Flour, water in. Estimation of, 160. 
Flnoboratcs, Detection of, 240, 469. 
Fluoride.s, Detection of, 240. 

Fluosilicalcs, Detection of, 240, 469. 
Follicular tonsillitis and milk, 257. 

Food, Definition of, under Sale of Food 
and Drugs Act, 582. 

„ Influence of, on the milk yielded hy 
cows, 247-249. 

Forchammer process in water analysis, 
636. 

Fore milk, 206. 

Formal violets, 83. 

Formaldehydi-, 234, 238. 

Formalin, 234, 236. 

,, E.stiiiiation of, 237-289. 
j Formanek on separation of colouring 
1 matters, 87. 

Formic acid, 391. 

Fortune v. Hemson, 42. 

Fomsel oil in whisky, .399. 

,, ,, Detection and estimation of, 

894-397. 

„ „ Elfecta of, 400. 

Franco, Adnltmtion in, 9. 
Fraiikfort-on-the-Maine. Method ofpunish- 
iug fiaudulent vintners at, 14. 
Franklaud’s combustion process, 543. 

„ stamlards of purity of water, 
569. 

French hak(*rs, Frauds of, 10. 

,, choetdate, 365. 

French’s children’s flour, 169, 

Friedrich, .1, B., Treatise on adulteration 
by, 31. 

Fromage de Brie, 3(i6. 

Fruits, Composition of, 131.* 

, , M icrosco) deal structure of, 1 32-1 34. 
Fiichsine, 69, 85. 

,, absorption coefficient, 69, 70, 71. 
„ Detection of, in wine, 469, 460, 
462 164, 468. 

Fungi in bread, 165,- 
Furfurol, 392, 478. 

Fu.Htet, 86. 

Fustic, 75, 86. 

Fustin, 84. 

Galaotink, 202, 

Galactose, 201. 

Galangal, 142. 

Gall.iniinc blue, 83. 

Gallanilic blue, 84. 

„ indigo, 83, 

„ violet, 84. 

Gallcino, 84. 

Gallisifi, 131. 

Gallocyanine, 83, 84. 

Galloflavine, 84. 

Ganibine R, 84. 

Gamboge, 75. 

„ as an adulterant of mustard, 

491. . 

Gamoose milk, 209. 

Gareili and Carcano on the molecular 
weight of butter and margarine, 802, 
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Carnier and HaieVs treatise on adultera- 
tion, :n. 

Gas apparatus, ri44. 

Gases of milk, 204. 

Gautier, A., nmthod of detecting colouring 
a£;ciits, 4t)l-467. 

,, mode of preparing crystalline- 
clilompliyll, 77. 

Geisler’s method of estimating (at in con- 
densed milk, 268. 

Geissler’s vaporimeter, 387, 288. 

-Gelatin in cream, 260. 

,, in milk, 238. 

,, proeesB for the detection of alum, 
159. 

,, Standard nutrient, 560. 

Gentian bitter, 428. 

Gentianin, 416. 

Gentiogenin, 417. 

Gentiopicrin, 416. 

Geolfroy’s experiments on milk, 191. 
Gerber & Co.’s condomsed milk, 169. 
Gerljer’a lacto-leguminose, 169. 

Gerlacli’.s ex}tcrimeiila on tubercle, 255. 
German beers, 409. 

,, guild.s, 13. 

Gesner’a analysis of milk secreted by 
infants, 212. 

Gibson v. Leaper, 36. 

Giffey, Scheele k Co.’s infants’ food, 169. 
Gin, 400-402. 

,, Analysis of, 402, 

Ginger, 503, 504. 

„ £. liedi’s experiments on, 25. 

,, starch, 142. 

Glaoialine, 284. 

Gliadiu, l.')2, 170. 

Gloucester cheese, 306, 

Glpcosazone, 103. 

Glucose, 104, 110. 

„ Detection of, in sugar, 106. 

„ in butter, 277. 

,, in condensed milk, 267, 

,, vinegar, 474. 

Gluten, fistiniation of, 161. 

,, fldur, 150. 

Gluten-oaseip, 151. 

Gluten-fibrin, 152. 

Glycerin as an adulterant of milk, 239. 

,, Estimation of, iu beer, 426. 

,, „ ,, in butter, 299. 

„ „ „ in wine, 406, 461. 

Glycerol-soda solution, 296. 

Goat’s milk, 209. 

Golden synip, 127-131. 

'Goose, Milk-like secretion of glands by, 

210 . 

Gooseben'y, 181, 184. 

Gordon’s researohes on scarlet fever, 254. 
Government laboratory method of analys- 
ing milk, 248. 

Grain vinegar, 474. 

Granulated cocoa, 866. 

Grannlose, 185. 

Grape juice, Analysis of, 442. 

„ sugar group of su^rt, 103. 


Grapes, 131. 

Green colours, 77*79. 

Griassinayer’s method of estimating hop 
resin and glycerin, 426. 

Griesss reagent for nitrites, 571. 

Groning’s method of ascertaining the 
strengtJi of spirits, 886. 

Ground nut oil, 289. 

Grouveii on the composition of peas and 
beans, 180. 

Gruyeie cheese, 306. 

GuilJemaie and Ltjcourt’s melliod of colour- 
ing vegetaliies, 182. 

Guinea greens, 84. 

Gum, Determination of, 342. 

Gutzeit test for arsenic, 436. 

Haarstick’s method of examining beer, 
425. 

llabeiland’s metliod of separating organic 
acids, 299. 

Tlfemateiii, 73. 
lltematoxylin, 73. 

Hager’s aniline test, 366. 

„ method of analysing colfee, 362. 

„ „ ,, ,, tea, 342. 

,, specific gmvity tabic for wine ex- 
tract, 452. 

Halogens, Determination of, in water 
analysis, 521. * 

Halphen’s test for cotton seed oil, 613. 
Hummersten on casein, 198. 

Hanus, J., method for the detection of 
cocoa-nut oil in butter-fat, 8036. 
Harilness of water, Determination of, 542. 
Hardy’s tost for alcohol, 384. 

Ifassal, Dr., 19, 32. 

Havanna brown, 88, 90, 92. 

Hawthorn leaf, Descri])tion of, 330. 
Hehner, 0., Analysis of genuine honey by, 
124. 

,, „ Bromine method of testing 

fats by, 302. 

,, „ on iodine value of lard, 312. 

„ „ on method of calculating re- 

sults of viuogar analysis, 
479. 

„ „ on method of estimating hard- 

ness of water, 542. 

,, „ Test for formalin hy, 236. 

,, ,, atid C. W., on iluoiides in 

butter, 277. 

„ „ and Mitchell on lard, 311. 

„ „ „ „ thermal test for 

oUs, 818. 

Heisch’s annlysis of cocoa, 871. 
Ilclianlhine, 77. 

,, iu wine, 458. 
Hema-Bpectrosoope, 59. 

Hessian purple, 84. 

Hiepe’s method of estimating chicoi^, 
861. 

HU^r’a wave-length spectroscope, 65. 
Hills' method of detecting cocoa-nut oil 
in butter-fat, S68-808<i. 

Hippopotamus, liilk of, 209, 210. 
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Hoffman*!) experiments on milk, 198. 

„ yiolet, 83, 85, 87. 

Hoffbean ftarcli, 145. 

Hollyhook as an adulterant of wine, 462, 
464, 465, 467. 

Ilomceopathic cocoa, 865. 

Honey, 123-127. 

,, ant, 123. 

„ Artificial, 127. 

Honig, Estimation of starch by, 139. 
Hooke, Dr., 27. • 

Hop-cones, Ash of, 415. 

Hop-re.sin, 412, 426. 

Hoppe-Seyh-r’s analysis of chloroy>byll, 77. 
,, ,, Bppaiation of nuclein, 200. 

,, ,, vii'ws on albnmiuoid.s of 

milk, 198. 

„ ,, on casein, 198. 

,, ,, ,, on milk globules, 

m. 

Hops, 412. 

„ Ar.senic in, 438. 

„ Ash of, 414. 

,, Bitters of, 413. 

„ Oil of, 414. 

Hordfr v, Mcddings, .36. 

,, „ Scott, 41. 

Horseflesh, Sale of, Regulation Act, 1889, 
691. 

Ilofpcfoot oil, 289. 

Houston, Dr., identification of B. coli, 
• • 562-563. 

M »i typho- 

BUS, 564- 
565. 

HubVs io<line method flu testing fats, 
300, 301. 

Hhfner’s spectro-photomcler, 65rf. 

Human milk, 207-209. 

„ ,, Reiset’s observations on, 207. 

Huntley gas apparatus, '544. 

Hureaux, 32. 

Husson’s test for butter, 279, 

Hydrazine colours, 81, 
llydrazone, 103. 

Hydrocarotin, 401. 

Hyoscyamin in beer, 429. 

Hysteria, Milk in, 250. 

lOX-COATiNO of cakes, 121. 

Idioblasts of tea, 322, 

Hex cassira, 346. 

Indamines, 83. 

Indican, 79. 

Indiglucin, 79. 

Indigo, 79, 84, 87. 

„ Artificial, 82. 

„ as an adulterant of wine, 459, 462, 
467. 

„ disulphonic acid, 79. 

„ method of determining nitrates in 
water, 528. 

„ monosulphonie acid, 79. 

„ Spectrum of, 80. 

,, sulphuric acid, 86. 

Ipdophenol, 84. 


Indonhenols, 82. 

Indulines, 88, 84. 

Infants* farinaceous foods, 169. 

Ingestion of copper, 183. 

Insoluble fatty acids, 294. 

„ „ ,, iodine value, 301. 

Inversion by invertase, 119, 

Invert sugar, 105. 

Invertase, Preparation of, 119. 

Iodine, Determination of, in water, 522. , 
,, green, 79, 83. 

„ in milk, 201. 

„ value of butter-fat, 301. 

Iodoform, Prfwiuction of, 383. 

Iron tilings in tea, 829. 

Isatin, 80. 

Isobutylglycol in wine, 442. 

Isopropyl alcohol, identification of, 384c. 

Isorubiue, 83. 

.Iacoby’s method of detecting ergot in 
flour, 155. 

Jam, 181-134. 

„ Arsenic in, 131. 

Jamieson and Kdiugton’s researches on 
scarlet fever, 263. 

Japoniea, 289. 

Jean’s method of testing hutter-fat, 287. 

JelloPs sacchariinoter, 120. 

Johnstone’s method of estimating piperin, 
496. 

„ „ of saponifying butter, 

297. 

Joly and Tilhol on milk fronj a bitch, 212. 

Jones, Analysis of golden syrup by, 127. 

,, V. Jones, 36. 

Juniper, Oil of, 402, 

„ resin, 428. 

Kakohyl, I’roduction of, in testing for 
aleohol, 883. 

K and R values, 118, 

Karmarsch’s values for starch measure- 
ments, 145. 

Kellner on changes of tea through age, 327. 

Kertnes, 86. 

Killing’s method of taking viscometry of 
blitter, 290. 

Kino in wine, 467. 

li^eldabrs method of estimating nitrogen, 
97, 226. 

Klebs' experiments on tubercle, 255. 

Kloba Lt»ffler bacillus, 257. 

Klein's method for 15. coli, etc., 563. 

„ pathogenic hlastomyoetes in milk, 
259. 

,, resea’-'jhes on scarlet fever, 263. 

Knight, West, Method of saiionifying 
butter by, 296. 

Koch, Dr. Robert, on tuberculosis, 266. 

Kunig’s analysis of bread, 164. 

„ ,, of cocoa, 371. 

„ „ of yieo, 180. 

„ PI of potato, 177. 

1 . It of rye bread, 173, 

„ „ of tea, 326. 
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KoettBtorfer*8 tost for butter, 285, 291. 
Koumiss, 270. 

Kreatine in milk, 203. 

Kreis's method of saponifying butter, 296. 
Krliss’s colorimeter, 62. 

,, universal sjx^ctral apparatus, 65. 
Run ze’s method of estimating theobromine, 
867. 

Label, Clause on, in Sale of Food and 
Drugs Act, 35, 36, 586. 

,, False, 44. 

Lac-dye, 86. 

Lactic acid, 203. 

,, ,, Estimation of, in milk, 280. 

,, fermentation, 259, 407. 

,, fluid, 234. 

Lactochrome, 202, 

Lactocrite, 218. 

Lacto-leguminose, 169. 

Lacto-proteiiie, 202. 

Lactose (milk-sugar), 200, 224-226. 

,, in condensed milk, 264. 

Lager beer, 409. 

Lambick lioers, 409. 

Lami’ method ofostiinatingiuetiiyl alcohol, 
392. 

Lancet Sanitary Commission, 19. 

Land and milk, 247. 

Landolt’s observations on sugar a-sli, 108. 

,, polariscope, 120. 

Lard, 310-816. 

,, adulterants, Cliemical and piiysical 
constants of, 314. 

Lard, Adulteration of, 31 8. 

„ Chemical ebaracters of, 311, 

,, Iodine number of, 312. 

,, Maumen^’s test for, 312. 

„ Melting-point of, 288. 

„ Microscopical appearances of, 811. 

.,, Refraction of, 811. 

,, Specific gravity of, 311. 

Lai^erine, 316. 

Lassaigne’s test for flour, 158. 

Laugier's method of determining sugar 
ash, 96, no. 

Leach, Estimation of fat in condensed 
milk, 263. 

Lead in water, 620. 

„ in wine, 14. 

Leaves, Colouring matters of, 77. 

,, Microscopical examination of, 327. 
Lecanu’s method of separating legumin 
from flour, 157. 

,, ,, of separating starch 

from flour, 156. 

Leclero’s estimation of starch, 189. 

Ledum bitter, 428. 

Leeds* analysis of human milk, 209. 
Leeuwenhoek, A. Van, 26. 

„ ,, „ Observatiousof milk, 

etc. by, 190. 

Leflmann and Beam*8 centrifugal machine, 
220. 

„ „ ,, estimation of albu- 

men in milk, 227. 


Leffmann and Beam’s estimation of lactose 
in condensed 
milk, 264 . 

,, ,, ,, modification of 

Roiobert-Wollny 
process, 296. 

,, ,, ,, test for naphthol 

compounds, 240. 

Legumin in beans, 18.5. 

,, in lentils, 184, 

„ in peas, 180, -181. 

,, Separation of, from flour, 157. 
Leguminous seeds, Mieroscopieal ]>eculiari- 
ties of, 35.5. 

,, starches, Microscopical (*hai- 
acters of, 142, 
144, 157. 

,, ,, in wheat flour, 167. 

Lehman’s metlMMi of estimating casein and 
albumen, 228. 

Lemon and lime juice, 480-482. 

Lemons, 132, 480. 
lieutil starch, 142. 

Tamtils, 184, 

Lenz’s inetliod of ostiinaling purity of 
pepper, 496. 

Leptothrix, 657. 

Lermer’s lupulite, 413. 

Lescoeur’s analysis of milk, 232. 

Levulose, 105, 111. . 

Licensing Act, 35. 

Liebenatem’s treatise on uilk, 192 
Liddiard v, Itecce, 3.5, 37. 

Liebig’s child soup, 169. 

Lime juice, Analysis of, 480. 

,, sue rate, 105. 

Linoleie acid, 316. 

Linseed meal, 503. 

,, oil, Refraction of, 284, 289. 

,, starch, 145. 

Liqueurs, 402. 

Lister Uabcoek centrifugal machine, 2*20. 
Litmus, 80, 459. 

Llama, Milk of, 209, 210. 

Ijogwood, 73, 87. 

,, as a colouring ngent of wine, 
459, 462, 363, 466. 

,, as a tost for alum, 159, 166. 
Lolium temnlciitum, 155. 

Long pepper, Compositiou of, 497. 
Luwenthars process for tannin estimation, 
336, 337. 

Lupin seeds in coffee, 363. 

Lupulic acid, 414. 

Lupulin, 412, 418. 

„ and lupulite, 413. 

Luteolin, 85. 

Lychnis githago in flour, 153. 

Mack, 508, 504. 

Madder, 72, 85, 86, 87. 

Magenta, 69, 88, 85, 86, 87. 

Magnesia, Spectroscopic test for, 72, 
160. 

Magnesian salts, Bloiam’s method of 
determining, 562. 
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Maisch 8 method of detectingnitro-benzene, 
507. 

Maize, IS*, 142, 145, 176. 

„ Fat of, 175. 

Malachite green, 7d, 83, 85. 

ALalfatti’s apparatus for exlra^iting liquids, 
61. 

Malic acid, Estimation of, in wine, 456. 
Malt, Arsenic in, 438. 

,, Colouring matter of, 411, 

, extract, 410,^19. 

, , , , Spcci fi c grav i ty of, 4 20-4 23. 

,, pale, Composition of, 411. 

,, vinegar, 473. 

Maltose, Estimation of, 129. 

Mammitls, Milk in, 251. 

Manganese in tea, 329. 

Mangosieen oil, 283. 

Mannite, 124. 

Maranta arrow-root, 141, 144, 145. 
Maravilla cocoa, 365. 

Miircker and Morgen’s estimation of starch, 
138 

Mare, Milk of, 208, 209. 

Margarin, 196. 

Margarine, 272-273. 

,, Act, 589 

, , Analysis of (see Butter), 274. 

,, llutter-fat in, 296. 

„ cheese, Definition of, 46. 

,, Colouring matter of, 278. 

•„ Dc&utioii of, 46. 

,, Refraction of, 284, 289, 304. 

,, Standard for, 46. 

Marmalade, 131, 132. 

MarqUiirdt’s method of detecting amyl 
alcohol, 394. 

Mareh-llerzelius test for arsenic, 486-440. 
Marten’s jirooess for i.solating legumin, 
167. 

Martini’s test for pepper, 499. 

Martin, Bartholomew, 190. 

„ Dr. Sidney, Experiments on tuber- 
culosis by, 266. 

Martins yellow, 84, 85. 

Mat4, 844-846. 

,, Physiological action of, 346. 
Maumene test, 312. 

Mauvaniliue, 458. 

Mauve, 80, 83, 87. 

Mauveine, 85. 

Mayer, W., on relation of phosphoius to 
nitrogen in wheat, 153. 

Meal, musty, 5. 

Measurements of objects under the micro 
scope, 54. 

Medical officers of health taking samples, 
40. 

Meggenhofen’s analysis of milk, 199, 208. 
Melampyrum arvense as an adulterant of 
wheat, 163. 

Meldola’s blue, 83. 

,, test for nitrates, 519. 
Melting-point of fats, 281-284. 
Menyanthin, 417, 429. 

Menyanthol, 417. 


Mercuric nitrate solution for milk analysis, 
224, 225. 

Metals In mill, 230, 

Metanil, 85. 

,, yellow, 77. 

Meta-phenylcne blue, 83. 
Meta-plienylenediamine, 519. 

Methyl aniline violet, 80, S3, 85. 

„ „ ,, Production of, 390. 

„ green, 83, 86. 

„ orange, 77. 

,, oxalate, Production of, 391. 
Methylene blue, 80, 83, 85. 

,, gieen, 85. 

Methylic alcoliol, Detection of, 879, 890- 
392. 

Moyer, Experiments on digestion by, 164. 
Micro-chemistry, 54. 

Micrococcus prodigiosus, 165. 

Micrometer eyepiece, 54. 

Microscope, 53. 

,, Influence of invention of, 26. 
Microscopical examination of butter, 274. 
„ ,, of butter -fat, 

274. 

„ ,, of starches, 140- 

146. 

„ „ of tea, 327. 

Micro-spectrtiBOO|»e, 55. 

Mikado orange, 83. 

Milk, 189-207. 

,, Abnormal, 211-281. 

„ Acidity of, 280. 

„ Adulteration of, 230-246. 

„ „ „ with boiled milk, 

233. 

,, „ ,, „ colouring mat- 

ters, 241. 

,, ,, „ ,, condensed milk, 

233. 

,, ,, „ ,, dextrin, 233. 

„ ,, ,, „ gelatin, 233. 

,, ,, ,, ,, preservatives, 

234. 

,, „ ,. ,, separated milk, 

233. 

„ „ „ „ starch, 233. 

„ „ „ sterilised milk, 

238. 

M M n „ sugar, 233. 

„ „ „ „ water, 231. 

,, Albuminoids of, 198, 

,, Ampbioteric reaction of, 195. 

„ analysis, 215, 230-245. 

„ „ Comparison of procoBses of, 

219, 224. 

„ ash, 201, 204. 

„ „ Determination of, 228, 

,, Average composition of, 201-204, 
231. 

, , bitter principles derived from plants, 
208, 247. 

„ Chief influences modifying, 245-248. 
„ Citric acid in, 228. 

„ Climate and, 247. 
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Milk, Composition of, in relation to food of 
cow, 247“249. 

,, Condensed, 262-267. 

,, Decomposition of, 269. 

„ Detection of metals in, 230. 

„ Diseased, 249-252. 

„ fat, 104. 

,, ,, Abstraction of, 232. 

,, ,, Extraction and estimation of, 

217-224. 

,, ,, Standard for, 232. 

,, faults, 260. 

„ ‘ Fore,’ 206. 

,, from various breeds, 246. 

,, Cases of, 204. 

,, General analysis of, 213. 

„ j;land, Cliemistry of, 194. 

,, Globules of, 194, 213. 

„ „ ,, whether they have a 

membrane, 194. 

,, Historical notices of, 1 89 193. 

„ lactation, Peiiod of, 246. 

,, Lactic acid in, 230. 

,, Land and, 247. 

,, Microscopical chiiraclei's of, 213. 

,, Minimum amount of fat and solids 
not fat in, 232. 

,, Morning ami evening, 247. 

,, of ass, 206, 208. 

,, of bitch, 210. 

„ of buflaio, 209. 

,, of eamel, 209. 

,, of cat, 210. 

„ of cows suffering from aphthous fever, 
2,50. 

„ of cows suffering from disease of 
udder, 251. 

„ „ „ „ engorged ru- 

men, 252. 

„ „ „ „ parturient 

apoplexy, 
251. 

„ *„ ,1 n ]ilithisis,251. 

fi M n pneumonia, 

251. 

„ ,, ,, „ typhus, 261. 

,, of elephant, 209. 

,, of gamoose, 209. 

,, of goat, 208, 

,, of hippopotamus, 210. 

,, of infouts, 211. 

,, of llama, 210. 

of mare, 208. 

„ of mule, 209. 

,, of porpoise, 209. 

,, of raboit, 209. 

, , of sheep, 209. 

„ of BOW, 210. 

„ of whale, 209. 

,, of woman, 207, 260. 

,, Penalty for refusing to sell samples 
of, to inspector, 40, 584, 689. 

„ Preservation of, 261. 

,, preservatives, 234-240. 

,, Propagation of disease through, 263- 
259. 


Milk proteida, 198. 

„ ,, Estimation of, 226-228. 

,, Quantity of, yielded by cows, 248. 

,, Sale of, Kegulalions, 1901, 45. 

,, Samples of, taken in transit, 40, 594 
„ Seasonal variations in, 246. 

,, Separated, 262. 

„ Skim, 45, 262. 

,, Specific gravity of, 216. 

,, ,, ,, ,, Ki<‘hmond*s table, 

.575-681. 

,, ,, ,, „ Vietli’s table, 216. 

,, standards, 45. 

,, strippings, 206. 

,, sugar, 200. 

,, ,, Estimation of, 224-226. 

,, Total solids of, 195, 215. 

„ tree, 211. 

Milk- blended butter, 274, 276. 

Milk-like secretions of birds and plants. 
210. 

Milking cows. Food of, 249. 

Millet, 145, 176. 

„ starch, 145. 

Millon and Commaille’s lacto-proteine, 
•202. 

„ and Kckulc’s analyses of bran, 
147. 

Mimosa, 84. 

Mitchell, John, 31. 

Mitscherlicli’s po arising saccharimeter, 
116, 120. 

M'Nair v. Cave, 587. 

Mogdad coffee, 357. 

Moissau’s method of estimating borax, 
234. 

Molasses, 127. 

Molybdic acid solution, 581. 

Morine, 75. 

Moritaunic acid, 75. 

Mucedin, 152. 

Mucor nmeedo, 165. 

Mulberry, 131. 

Mulder, 28. 

Mule’s milk, 209. 

Mnnk on uon-proteid nitrogen in milk, 
226. 

Muuro, Analysis of strawberries by, 
134. 

Muscarine, 83. 

Must, 442. 

Mustard, 485-491. 

„ Adulteration of, 489. 

„ Chemistry of, 486. 

„ Microscopical characters of seed, 

485, 486. 

,, Volatile oil of, 489. 

Muter on classification of starches, 140- 
144. 

,, on iodine value of lard, 812. 

, , on a method for analysis of insoluble 

fatty acids, 297-298. 

Mutton fat. Melting-point of, !988. 
Myrunate of potash, 488. 

Myrosin, 488. 

Myrtle or Eusslaa green, 84. 
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Kadlbr on milk ash, 201. 1 Oatmeal, Fat of, 171. 


Naphthalene red, 84. 

„ yellow, 86, 490. 

Naphthol coinpoumla as preservatives, 
240. 

,, yellow, 84, 86. 

Naphthylaraiuo test for nitrites, 518. 

,, ,, for p'‘l>per, 499. 

Natal arrow-root, 141. 

Neatsfoot oil, Refraotion of, 289. 

Negri and Faliris, Ejftiminiition of olive oil 
by, 612. 

Ncphaloinetric method for minute quanti- 
ties of earbon, S.'il, 

Nesslor and Ilarth, general process for 
jinalysing wine, 444. 

,, solution, 672. 

,, test in water analysis, 539. 

Nestle’s bisenit food, 169. 

Neufcbatel cheese, 306. 

Neumann, Caspar, Observations on milk 
by, 28, 193. 

Neutral blue, 88. 

,, red rai thod for isolating B. coli, 
561. 

Night blue, 83. 

Nigrosine, 83, 84. 

Nile blue, 83. 

Nitrates as evidence of watering wine, 464. 
,,^ Estimation of, in pepper, 495. 

„ ,, ,, in water, 528-632. 

• in cneesdj 308. 

,, in milk, 242. 

Nitrites in water, 619, 523-532. 
Nitrobenzijie, Detection of, in bitter 
almonds, 507. 

Nitro-colours, 81. 

Nitrogen and nitrogenous substances, Esti- 
mation of, 97-99. 

„ coiniK)und.i in cheese, Estimation 
of, 308. 

,, in bread, 163. 

„ in cereals, 1 48. 

,, in cocoa, 375. 

,, in milk, Estimation of, 226. 

,, in peas. 180. 

,, in tea, 835. 

„ in water, Estimation of, 561. 

,, non-albuminoid, 98, 

,, table for reduction of c.c.'s to 

grammes, 574, 

Nitroso-colours, 82. 

Normandy, A., 20, 82. 

Norwegian condensed milk, 169. 

Notices on shops, etc., relative to purity 
of articles, 37. 

Nuclein, 200. 

Nutmeg, 603, 504. 

„ Artiticial, 504. 

„ starch, 142. 

Oab sawdust, 603. 

Oat starch, 144, 145. 

Oatmeal, 138, 144, 146, 170. 

,, Adulteration of, 171. 

,» ». It with barley, 171. 


,, gliadiii, 170. 

(Enocyanin, 467. 

(Enolin, 457. 

Oidinm anrantiacum, 165. 

Oil, Angelica, 401. 

„ Fixed, of mustard, 489. 

,, of almonds, 60.5, 606. 

,, of calamus, 401. 

„ of cardamoms, 401. 

,, of coriander, 401. 

„ of hops, 414. 

„ of juniper, 402. 

„ of mustard, 489, 

„ of olives, 609. 

„ of pepper, 494. 

„ of rice, 174. 

Oleic acid, 197. 

,, „ Aluter’s process of determining, 

297. 

Olein, 196, 

„ Iodine value of, 302. 

„ Refraction of, 284. 
Oleo-refractometer, 287. 

Oloum tliftobromre, 365. 

Olive oil, 509-513. 

„ ,, Adulteration of, 510. 

,, „ Specific gravity of, 509, 

„ „ Spectrum of, 610. 

„ stones as an adulterant of pepper, 
499. 

Orange and yellow colours, 74-77. 

Oranges, 132. 

Orellin, 74, .508. 

Oriel yellow, 84. 

Original gravity of wort, 419. 

OiTi.H-root, 142. ^ 

Osazoncs, 103, 104. 

Osborne and Harris, resoarche-s on the 
hyiU’olytic products of wheat 
flour, 152. 

,, on wheat proteids, 163. 
O’Sullivan, Estimation of starch by, 136- 
138 

„ K and R values, 113. 

„ percentage of starch in flour, 

138, 148. 

„ and Valentine, analysis of 

malt, 411. 

Ox fat, Melting-point of, 283. 

Oxalate of methyl, 891. 

Oxannes and thiazines, 82, 83. 

Oxygon absorbed by milk, 205. 

„ in water, 632. 

„ process, standard solution, 572. 
Oxyketone colours, 82. 

Oii^phenme, 8^. 

Paohyrhizus angulatus, 145. 

Pakea, Method for isolating B. coli by, 
662. 

„ on characteristics of milk deposits, 
267. 

Palladium solution, 672. 

Palmer v. Tyler, 38. 

Palmitic acid, 196. 
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Palmitin, 196. 

Pantlialeon’s views on milk, 189. 

Paraffin in niargatinc, 277. 

Parapheiiyleue bluo, 83. 

,, violet, 83. 

Paraxyleue as a solvent in cryoscopic de- 
terminations, 303. 

Parmentier, Estimation of borax by, 235. 
Parmesan cheese, 306, 307. 

Partheil’s estimation of glycerin, 456. 
Parturient apoplexy, Milk in, 251. 
Pasteurised milk, 261. 

Pasteur’s reseawhos on fermentation, 405. 
Patterns of fats, 279. 

Pavy’s method of sugar titration, 114. 

Pea cheese, 184. 

,, soup, German, 181. 

„ starch, 142, 146. 

,, tablets, German, 181. 

Peach, 131. 

,, kernels, 606. 

Pear, 131. 

Pearl barley, 171. 

Pearmain and Moor, Estimation of fat in 
condensed milk by, 263. 

Peart v. Edwards, 43. 

Peas, 142, 146, 179. 

,, Analysis of, 181. 

,, Ohine.so, 184. 

„ Copper in, 181. 

,, Poisoning by jiutrid preserved, 180. 
,, Preserved, 181. 

,, Tinned, 168. 

Peligot on composition of asses’ milk, 206. 
Pellet on composition of Obinese peas, 184. 
Pepper, 491 -.500. 

„ adulterants, Composition of, 497. 
,, Adulteration of, 498, 

,, Analysis of, 496. 

» „ Ash of, 495, 497, 600. 

„ General composition of, 49,5-497. 

,, Microscopical structure of, 493, 

494. 

„ Nitrates of, 496. 

„ Oil of, 494. 

„ . Redi’s experiments on, 25. 

„ Starch of, 144. 

,, Varieties of, 492. 

Peppercorns, Artificial, 600. 

Pepperers or spicei-s, Regulations relative 
to, 8. 

Pepperette, 499. 

Pejipermint drops, 121. 

Peptonising bacteria of Kalischer, 260. 
Permanganate, Alkaline, 572. 

,, of potash, Absorption co- 

efficient of, 64. 

„ process, 636. 

Peronosjiora infestans, 177. 

Perroncito, Case recorded by, 266. 
Petchley v. Taylor, 36. 

PfeiTer-munz liqueur, 408. 

Phaiophyll, 78. 

Pharmacopcfiias, Establishment of, 9, 14. 
Phenol gelatin, 668. 

,, for nitrates, 624. 


Phloroglucol as a test for olive- stones, 
499. 

Phloxine, 72, 83. 

Pliospliates in the ash, 94. 

,, in water, 523. 

Phosphine, 77, 83, 85. 

Vhosphomolyhdic acid, 867. 
Phospliotungstic acid, Preparation of, 228. 
Photography, 66. 

Phthisical milk, 251, 254. 

Phyllocyanic acid, 181. 

Pliyllocyaiiine, 78. 

Pliylloxanthine, 78. 

Pliyloleplias macrocarpa, 355. 

Phytolacca, 467. 

Phytosterol ami cholesterol in oils, 315. 

,, Detection of, in lard, 316. 
Picini’s method of estimating nitrites, 632, 
Picric acid. 74, 84, 86, 87, 88, 428, 431. 
Picrotoxin, Detection of, 429, 430. 

Piesse and Slansell’s analysis of mustard, 
487. 

Pigeon, Milk -like secretion of, 210. 
Pimento, 503, .504. 

Piperie acid, 491. 

Piporidin, 494. 

Piperin, 494. 

I’lacitus’ views on milk, 189. 

Plastering of wine, 468. 

Pliny, 4. 

Plum, 131, 132. 

,, kernals, Content of amygdklin in, 
506. 

I’lieumonhi, Milk in, 251. 

Poirier’s yellow, 85. 

Poivretlc, 499. 

Polariinetric estimation of sugar, 116-121. 
Polarisiitiou of wine, 444. 

Polarlscopes, 116, 120. 

Polonske’s method of detecting cocoa-nut 
oil in buttcr-fat, 303rf.. 

Police des commissioiiaiies, 9. 

Poison’s patent flour, 170. 

Ponceau, 85. 

„ 4. 76. 

„ 8R, 72. 

„ 2R, 72. 

,, B and R, ,468. 

Pojio V. Turle, 36. 

Poppy oil, Constants of, 289, 509, 

,, ,, Test for, 613. 

Porpoise’s milk, 209. 

I’ort, Composition of old, 443, 447. 

Porter, Com])osition of, etc., 408. 

Portugal berries as a colouring matter of 
wine, 462, 463, 464. 

Potassium iodide solution, 672. 

,, mouoohromate, Solution of, 672. 

„ permanganate, Solution of, 672. 

Potato, 176 

,, Analysis of, 178. 

„ fungus, 177. 

,, Specific gravity of^ 179. 

„ starch, 141, 144, 146. 

„ „ as an adulterant of wheat 

' flour, 166. 
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Power, Dr. Hy., 27. 

Prejudice question, 23, 24, 583, 588. 
Preservation of milk, 261. 

Preseivatives, 234-240. 

,, in cream, 269. 

Pie-scrvitas, 234. 

Preusse and Tiemann, E.siimation of oxy^jcn 
in water by, 533. 

,, ,, „ Estimation of volatile 

orjraiiic matter by, 

. 538. 

Primuline, 84. 

Private purcliase of samples. 39 
Privet as a colouring matter of wine, 462. 
464, 465, 467. 

Process or renovated butler, 274. 

Proof spirit, 882. 

Pro.secution of otremleis against Sale of 
Food and Drugs Act, 42. 

Proteid ammonia in water, 540. 

,, ferment in milk, 260. 

Proteids tjf condeii'^eil milk, 261. 

„ of milk, 198, 226-228. 

Prune, Comi»osition of, 131 . 

Prunier’s method of separating eotfeo from 
chicory, 361. 

Prussian blue, 87. 

Public analyst, Appointment of, 38, 583. 
693. 

Analysts’ Society, 32. 

Purchase oi samples, 39, 41, 084, 588, 
592» • 

Purple now wheat, 153. 

Purpurine, 72. 

,, a.s a tc.st for alum, 160. 
Pyrodextrin, 186. 

Pyronine, 83. 

Pyruvic esters of the, alcohols, 381tt. 

Quassiin, 417, 428. * 

Quercetin, 826. j 

Quercitannic acid, 325. j 

Quercitron, 86. j 

Quinoline colours, 82. ' 

„ yellow, 84. ; 

Rabbits’ milk, 209. * 

Rabourdin, 11., Analysis of ])e]tper hy, 498. 
i^ffinose, 171. 

Ramsay and Horn fray’s eslimation of 
dissolved oxygen, 535. 

Rancid butter, 306. 

Raspberry, 74, 131, 134. 

Rectified spirit, 382. 

Red bread fungus, 165. 

„ milk, 260. 

„ sandalwood, 503. | 

Redi, Francesco, 25. 

Reduced extract of wdne, 453. 

Refraction of alcohol, 888. 

„ of lard, 311. 

,, of olive oil, 510. 

,, ,, ,, „ and cotton seed oil, 

511. 

Refractometers, 284-288. 
j^fuaal to sell, 40. 
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Regina purple, 83. 
llegmiult’s volumemometer, 351. 
Rei«d»ort*Wolliiy process, 294. 

„ ,, „ Lelfmann and 

Hearn’s modification of, 295. 
Reinhardt’s method of taking melting* 
points, 281. 

Roinsch’s test for aiscnic, 436. 

Rennin, 305. 

Reports, Quarterly, of analysts, 584, 
Resorcin as a test for nitrates, 524. 

,, blue, 83. 

,, yellow, 76. 

Rliiiiaiitbin, 153. 

Rhi/.opus nigrican'^, 1 66. 

Rimdamine, 83. 

Rice, 138, 145, 174. 

„ oil, 174. 

„ starch, 144, 145. 

,, vinegar, 474. 

Riehmond on exiieme variations in milk, 
245. 

,, on formula for calculating milk- 
fat, 223. 

„ on preservation of milk for 

analysis, 262. 

„ on ratio of fat to total solids in 
cream, 267. 

„ „ of sugar, proteids and 

ash in milk, 201. 

,, table for estimating milk 

constituents, 676-581. 

,, and Hoselcy’s test for formalin, 

236. 

,, and Carter on sugar of human 
milk, 20r>, 207. 

„ and Harrison, Ha|)iw ebtimation 

of boric acid in butter by, 
288. 

Rideul on lactic acid in milk, 260. 

Ridge’s food, 169. 

Riegler’s met hod of estimating alcohol and 
extract in wine, 444 
Ritter on arsenic in glucose, 486. 
Rittbausen’s copper ]»rocesH for analysis of 
milk, 223, 226. 

„ metliod of fat extraction, 
223. 

Kobine’s metliod of detecting potato starch 
in wheat Dour, 156. 

,, „ for estimating the value 

offiour, 161. 
Roccellinc, 86, 458. 

Rodriguez’s method of examining flour, 
158. 

Romijn’s method of estimating formalin, 
238. 

Rook r. llopley, 44. 

Roquefort cheese, 306. 

Rosaniline, 69, 458. 

,, blue, 84. 

Rose Bengal, 88. 

Rose’s metliod of estimating amyl alcohol, 
894. 

Rosocvatiin, 74. 

Rosolio acid, 71. 
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Ronch V. Hall, 40. 

Rufigallol, 84. 

Rum, 899. 

Riitio acid, 197. 

Rutylin, 197. 

Rye, 172. 

,, bread, 173. 

M li Digoatibility of, 164. 

„ Fat of, 173. 

„ flour, 173. 

,, starcli, 143, 144, 145. 

SACCUARiMkiRii Poiiombros, 120. 
Saccharin, 134. 

Safflower, 73, 86. 

Saffron, Ohl penaltieH for adulterating, IS. 
Safranine, 71, 83, 85, 458. 

Safro8in(3, 83. 

Saglier’a method of testing ah'.ohol, 395. 
Sago starch, 143, 145. 

Saladin of Ascala, 25. 

Sale of Ihilter Regulations, 1902, 46. 

,, ,, Food and Drugs Act, 22, 33. 

, ,, ,, ,, ,, Text of, 582- 

587. 

,, ,, ,, ,, „ Amondineiit Act, 

1879, 588, 589. 
„ „ „ „ Amendment Act, 

1899, 592-596. 
,, ,, Horseflesh Act, 691. 

,, ,, Milk Regulation-s, 1901,45. 

Salicin in beer, 429. 

Salicylic acid in boer, 482. 

,, ,, in milk, 239. 

Salt in beer, 433, 434. 

,, in butter, 276, 277. 

Sample, Division of, into parts, 41, 5S4, 
594. 

, , Transmission of, through the post, 
42, 684, 694. 

•Sand iu pepper, 600. 

Sande, J. B. Yauden, 26. 

Sandy 8 v. Small, 28, 87. 

Santal, 85. 

Santalin, 78, 86. 

Saponin, 153, 154. 

Savalle^s method of testing alcohol, 894, 
395. 

Scala’s analysis of rum, 399. 

Scarlatina in relation to milk, 253. 

Schoele, Distjovery of lactic acid by, 198. 
Soheibler’s method of detecting dexlriii in 
sugar, 106. 

„ M of determining sugar 

ash, 110. 

ScbilTs rcageut, 236. 

Soblossberger on milk from goat, 213. 

,, „ ,, „ newly - born 

infant, 212. 

Schmidt and Hiepe’smetlioilof estimating 
acids in wine, 448. 

SchmidPs analysis of old wines, 445. 

„ process of detecting picrotoxine 

in beer, 430. 

„ process of detecting sulphur 

dioxide in wine, 460. 


Schoopff, experiments on milk by, 198. 
Schultz and Julius’ scheme for colours, 81- 
84. 

Schulze-Tieinann method of estimating 
nitrites and nitrates, 527. 
Schutzenberger on the decomposition of 
casein by l aryta, 199. 

Search after Claret, 8. 

SeaHomil variations in milk, 246. 

SelKilien’s method of estimating albumen 
ill milk, 227. 

Sochium starch, 145. 

Section cutting, 54, 55. 

Scdgwick-llaltRT method, 563. 

Sell’s process of estimutiiig amyl alcohol, 
394. 

Separated milk, 262, 

Serum albumen, 199. 

Sos:iin6 oil, 289, 511. 

Sheep’s milk, 209. 

Siebeu’s analysis of honey, 125, 126. 

Silver nitrate, Stamlard solution of, 572. 

,, salts of the fatty acids, 384c. 
Sinalhin, 488. 

Sinapin, 486. 

Skalweit’s refraction figures for butter, 
284. 

Skeleton ashes, 828 
Skim cheese, 806. 

,, milk, 262. < 

Slimy or ropy milk, 261. 

Sloe, 331. ^ 

Smith, Dr. L., Inverted microRcope of, 54. 
Snyder on composition of flours, 150. 

Soap, Standard solution of, 572. 

Sodium carbonate in milk, 240. 

,, chloride, Solution of, 572. 

„ hydrate solution for estimating 

nitrates, 673, 

,, bypo.sn1phite solution, 573. 

,, nitrate, Solution of, 673. 

,, silicate as an adulterant of butter, 
277. 

Soleil’s saccharimeter, 117. 

Soluble fatty acids, 294. 

Somerset House method of analysing milk, 
248. 

„ „ „ estimating 

milk' fat, 224. 

„ ,, Reference to, 48. 

Sorbinazone, 104. 

Sorby* Browning micro spooferoscopo, 66, 
Sorby’s investigations of the colouring 
mat^'rs of malt, 411. 

„ method of detecting bitters in 

beer, 482. 

,, „ ofmeasuringabsorption* 

bands, 66. 

Sour milk, Analysis of, 243. 

Sow’s milk, 209, 21 0. 

Soxhlot’s ap])arBtus for volatile solvents^ 
49. 

,, method for obtaining dextrose,^ 

111 . 

„ process of milk analysis, 220. 

Spaeth, Analysts of lard by, 310. 
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Spanish chocolate, 365. 

Specific gravity, Determination of, by 
• Boylo, 29. 

,, ,, of buttor»fat, 285, 289. 

„ ,, of lard, 811. 

„ „ of milk, 216. 

,, i] M Vietli’a table 
of, 216. 

,, ,, of potato, 179. 

„ ,, tables for alcohol, 380, 

• 381. 

,, rotation, 116, 117- 
Specti'OBCopie detcrniination of metals, 58, 

.59. 

„ examination of colouring 
matter.^, 68. 

Spectrosco])y, Quantitative, 62. 

Spectrum aiiiilysis as applied to beer, 432. 

,, „ ,, ,, to wine, 460. 

Spice adulterants, 603. 

Sjiicos, 502-505. 

S])iral balance, 52. 

Spirillum choleroB aaiatie®, 567. 

Sjiirit indication, 423, 421. 

„ vinegar, 474. 

Spirits, Standard of strength of, 35, 589. 
Sponges in water, 569. 

Spruce saw du.st, 603. 

Standard solutions for use in water 
a^ilyals, 571. 

Standards for fat and solhls in milk, 232. 
Staphylococci ii^water, 665. 

Starch, 135-145. 

,, Estimation of, by conversion into 
sugar, 136-139. 

Starches, Microscojdcal identifieation of, 
140-146. 

,, Quantitative determination of, 
140. 

Stearic acid, 106. 

Stearin, 196. 

Stein’s method for the detection of colour- 
ing matters, 86-87. 

„ photographic camera, 66. 

Steryl, 234. 

Stewart on albumen in milk, 233. 

Stilton cheese, 306. 

Stock’s method of detecting beef stearin in 
lard, 316. 

Stokes’ method of detecting gelatin in 
cream, 270. 

„ tube, 223. 

Stokes and Bodmer, Estimation of lactose 
in condensed milk by, 264. 

Stone’s study of starch determination, 
189. 

Storch on composition of batter, 276. 
Stout, Composition of, 408. 

Strawberries, 131, 183. 

Stinptococoi in water, 566. 

Strippings, 206. 

Stryonnine in beei*, 429. 

Stutser’s classitication of nitrogenous con- 
stituents of cocoa, 874. 

K iio acid, 88, 90, 92. 

adon of theine, 824, 886. 


Succinic acid. Estimation of, 454. 

SucTol, 136. 

Sudan II and 111, 84, 

„ brown, 84. 

Sugar, 103-121. 

,, Adulteration of, 106. 

,, Analysis of, 108. 

,, as an adulterant of beer, 434. 

„ Ash of, 107-108. 
candy, 121. 

„ Cane, in milk, 233, 264. 

„ Compounds of, witli bases, 106. 

,, eonci-etes, Analysis of, 109. 

,, Copper 1 educing )>ower of, 111. 

„ Cyanide jirocess of estimating, 114. 

„ Estimation of, 111-131. 

,, ,, ,, in wine, 456. 

Full analysis of, 108. 

,, Invert, 105. 

,, K and R value, 113. 

Milk, 200, 224 226. 

,, I’ttvy’a ]iroces8 of estimation of, 
114. 

„ Solubility of, 104. 

,, Specific rotation of, 116, 117. 

,, starch or glucose, Detection of, in 
cane sugar, 106. 

Sulphates in milk, 201. 

,, in water, 635, 

„ in wine, 468. 

Sulpho-cyanides in milk, 201. 

8a1phonate<l azincs, 83. 

Sulphur in mustard, Estiinaliou of, 490. 
Sulphuric acid in vinegar, Estimation of, 
476. 

,, ,, Method of saponification, 

296. . • . . 

Sulphurous acid, Estimation of, in wine, 
458. 

Sweetmeats, 121, 122. 

Tababik's method of alcohol estimation, 
387. 

Table beer, 408. 

Tacca aiTow-root, 144. 
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In Large 8vo. Handaome Cloth, Gilt, Uniform with Stability of Shipt 
and Steel Ships (pp. 37, 88). With 34 Folding Plates and 468 
* Illustrations in the Text. 30 b. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSOK CUNNINGHAM. 

GENERAL CONTENTS. 

Historical and Disoursive.— Dock Design.— Constructive Appliances. — 
Materials.— Dock and Quay Walls. — Entrance Passages ana Looks.— 
Jetties, Wharves, and Piers.— Dock Gates and Caissons.— Transit Sheds 
and VVarehouses. — Dock Bridges. — Graving and Repairing Docks.— 
Working Equipment of Docks. —Index. 

“We have never seen a more profusely>illu8trat<Ml treatise. It la a most important 
staudaitl work, and should l)e in the hands of all dock and harbour engineers.*’— <Stoa»wh4). 
“ Will Iw of the greatest service to the expert as a l)Ook of reference."— .Bni/inesf. 


In Large 8vo. With Folding Plates and Numerous Illustrations. 16s. net. 

A COMPANION VOLUME TO “DOGE ENGINEERING.” 


THE PRINCIPLES AND PRACTICE OF 

•HARBOUR ENGINEERING. 

• • By BRYSSON CUNNINGHAM. 

Contents. — Introductory. — Harbour Design. — Surveying, Marine and 
Submarine.— Piling.— Stone, Natural and Artificial— Breakwater Design.— 
Breakwater Gonstructiou. — Pierheads, Qu^s, and Landing Stages. — 
Entrance Channels.— Channel Demarcation.— Index. 

“ 1*he best and moat complete book we have seen on the suhlect."— 

“ This is a standard work . . , sure Ui prove a valuable book of reference.*’— 
Shipping World. 


In Large Crown 8vo. Handsome Cloth. 4 b. 6d. net. 


THE THERMO-DYNAMIC PRINCIPLES OF 
ENGINE DESIGN. 


By LIONEL IL HOBBS, 

Engineer-Lieutenant, B.N.; Instmoforin Ap|died Mechanics and Marine Engine 
Df siim at the Boyal Naval Gollege, (ihreenwioh. 

“Serves its puniose admirably . . . should prove of invaluable service . . . well 
up-to-date.”— NAtpping World, 


in Large 8vo. Cloth. Fully lUnstrated. lOs. 6d. net. 

THE PROBLEM OP PLIGHT. 

f By HERBERT OHATLET, B.8a.(EKO.), London, 

Froieuor Of Olvll Engineering, Tong Shan Enkinssring Gollege, N. China. 
ContuTS.— The Problem of Flight— The Helix.— The Atroplane.— The Aviplane.— 
Pirigible Balloona.— Form and FUtings of the Airship.— Apmmioxe {The PoteibHitf of 
Weight, A FfsxtMs Wing, theoiy of Sakmee, A<&/<ogr(qBhy).— bnix. 

“ ‘An epitome of the knowledge available on the su^eet.''->S 0 otsman. 
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OH ARLES QRIRFIN d> C0J8 PUBLIOATIONS, 


In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE 

A Treatise on the Prlneiples of Construction of the Steam Turbine, 
with Historical Notes on its Development. 

Bv ALEXANDER JUDE. 

CoNThNiK — Fundamental.— Historical Notes on Turbines.— The Velocity of Steam. 
Types of Steam Turbines.— Practical Turbines.— The Efficiency of Turbines, Type 1 . 
Trajectory of the Steam.— Efficiency ofTiirbines, Types II., III. and IV. —Turbine Vfines. 
Disc and Vane Friction 111 Turbines.— Specific Heat of Superheated Steam.— StrenK 
of Rotating Discs.— Governing Steam Turbines.— Steam Consumption of Turbines.—!' 
Whirling of Shafts.— Speed of Turbines.— Index. 

“ One of the l.atcst text-books . . . also one of the best . . . there is absolute 
no padding."— .S'/> IVilliant the Titties Engineering Supplement. 


In Largo Crowu 8vu. liandeome Cloth. With 131 lllnsbrations. 6a. m 

LECTURES ON THE MARINE STEAM TURBINE. 

By Pbok. J. harvard BILES, M.Inst.N.A., 

Prufessur of Naval Architecture lu the University of Glasgow. 

'* I'liiH is the lit at poptiliir work on the mariuo uteam turbine which lias yet niipeurrd.’ 
Steamahip 

Works by BRYAN DONKIN, MJnst.C.E., M.lnst.Meeh.E., Ac, 

P'ouRTH Edition, Revised and Enlarged. With additional Illustratiom 
Large 8vo, Handsome Cloth. 25s. net. 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mkch.E. 

“The be.si Iwok now published on Gas, Oil, and Air Engines."— 


In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILER: 

(LAND, MARINE, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.C.E. 

Gbnhkal Con I'ENTs.— Classification of PifFerent Types of Boilers.— 425 E^riments 
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables.— Fi 
Grates of Various 'iVpes.— Mechanical Stokers.- Combustbn of Fuel in Boilers.— Trai 
mission of Heat through Boiler Plates, and their Temperature.— P'eed Water Heate 
Superheaters, Feed Pumps, &c.— Smoke and its Prevention.— Instruments used in Testii 
Boilers.— Marine and Locomotive Boilers.— Fuel Testing Stations.— Discussion of the TrL 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomoti 
Boilers.— Appendices.— Bibliography.— Index. 

■' Probably me most sxaaiianvB rautn^ that bM ever been collected. A raaonc 
Boob by a itaorougbly practical man.'’— /ran anal Coal Tradet Reoiae, 


In Large Crown 8vo. Cloth. ' Fnlly Illustrated. 58 . net. 

•SUCTION GAS PLANTS. 

By Prof. C. A. SMITH, of the East London Technical College. 

COATKMTS.— Introduction.— Details of ConstruotlCn.— Fuel and Testing.— Applicati 
and Uses of Suction FUints.— Working the Plant.— Typical Plants.— Plants for Spec 
Purposes.— Total H.P.— Effluent.— Cost of Gas Production.— The Gas Engine.— Bibl 
gnpby.— Colorific Value of Coal Gas.— Of Solid Fuels.— Gas Analysis.— Destruction 
w in the Producer.— Detection of CO in Exhaust.— Capital Cost.— Isrnxx. 
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Fourth Edition, Revised. Pocket-Size, Leather, 128. 6d. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook or Bulbs, Formulae, Tables, Ao., rblativb to Matikiajj}, 
SOANTUNOS, AND PRKSSURBS, SArXTT VaLVBS, SpBINOB, 

* Fittinob and Mountinos, Ao. 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKKRS. 
AND STEAM USERS. 

By T. W. TRAILL, M. Inst. 0. E., F. E. RN 

Iiat« BnRltiHer Snnreyor-ln-Ohlef to the Board of Trade. 

“ Contains an EMoaHOua QnASTiTT or InroaiiATiOR arrranged in a very convenient funn. . . 
A MOST vairvL voldmb . . . mipplylng information to be had nowhere elBo."— 3^ Knomm. 


Sixth Edition, Revised. L<arge Grown 8vo. With numeious 
lUustrations. Ss. net, 

ENGINE-ROOM PRACTICE: 

A Handbook for Engineers and Officers in the Royal Navy and Mercantile 
Marine, Including the Management of the Main and Auxiliary 
Engines on Board Ship. 

By JOHN G. LTVERSIDGE, R.N., A.M.I.C.E. 

Chalenfi.— General Deaorlptlon of Marine Machinery.— The Conditlona of Service and 
Dntiea of Engineers of tho Boyal Navy.— Entry and Conditions of Service of Englneera of 
the Leading S.S. CompanleB.-Balslng Steam —Duties of a Steaming Watch on Englnek 
•and Botlera.— Shotting oil Steam — Harboor Dntiei and Watches — AdJnstmentB and 
Kepairs of Engines.— Preservation and Bepain of *‘Tank” Boilere.— The Hnli md Its 
flttinge.— qipaningand Painting Machinery.- Bedprooating Pumps, Feed Heaters, and 
Antomatio Teed - Water BegnJatora — Evaponttora. — Steam Boats. — Electric Light 
Bfaohinery.— Uydranllo MaohuMry.— Air-Compressl^ PnmpB.-Befrigerating Machlnea 
-Maohlneiy of Destroyers— The Management of Water-Tube Boilers.— Begnlatione for 
Entry of Assistant Engineers, B.N.— Questions given in Examinations for Promotion of 
Engineers B.N.— Regulations respecting Board of Trade Examinations for Englnoeri, Ao 
"This VKBTusKvm. book. , . . lixcsTXATioirs are of gbbat ihfobtamck m g work 
of this hind, and it is satisfactory to find that spsoial attrntioh has been given in this 
*«speot.”— Angiswi' Gatettt. 

Fifth Edition, Thoroughly Revised and Greatly Enlarged. 

With Numerous lUustrations. Price 10s. 6d. 

VALVES AND VALVE - GEARING : 

A Practical Text-book fcr the use of Engineers, Draughtsmen, and Students. 
By CHARLES HURST, Pbaotioal Draughtsman. 

Part I.~Steam Engine' Valves. I Part III.— Air Compressor Valves and 
' Part II.— Qai Engine Valves and Gearing. 

Gears. | Part IV.— Pump VitiveB. 

'* Ma. Honsr’s va&vm and vaiiVx^iavko will prove a very valnable aid, and tend to tbs 
production of Fnginea of soiunrio nisies and BooRONiCAbwoKKiHa. . . . Will be largely 

sought after by Students and Designers.”— JfariM JBngUuer'. 

“ As A practical treatise on the subject, the book stands without a rival."- Mechanical 

Worid. 

Hlntt on ateam Engine Design and Constmotlon. By Charlbs 
Hubst, ^'Author of Valves and Valve Gearing.” Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. lUnatrated. n Price 
Is. 6d. Bet. 

Oonnxn.— 1 . Steam Pipes.- IL Valves.— 111. OyHnders.— IV. Air PnmpN and Cou- 
deniert.-V. Motion Work.— 'YI. Crank Shafts and Pedestals.— VII. Valve Gear. -VIII. 
LnbrloatioD.— IX. Mierollaneons Details — Iimxx. 

‘‘A handy volume which every praotioal young engineer Bh:>ald posiees."— TAs Model 
Matdiieer 
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Third Edition, Revised. With nnmeroue Plates redooed trom 
NVorking Drawings and IHnstrations in the Text. 21b. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praotieal Text-Book for the Use of En^e Bailders, 
Designers and Draughtsmen, Railway 
Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.O.E. 

C'onleMa. — HlBtorioal lotroduotiom 1763'l66S.-> Modern Locomotivea : Simple,— 
Modem LocomotlTea : Oompound. ~ Primary Consideration in Locomotive Design - 
(flinders, Steam Chests, and Staffing Boxes.— Pistons, Piston Rods, Orossbeads, and 
Slide Bars.— Connecting and Gonpling Rods.— Wheels and Azloa Axle Boxes, BomblookK 
and Bearing Springs. -Glancing, —Valve Gear.— Slide ValVes and Valve Gear DetoUa— 
Framing, Bogies and Axle Trucks, Radial Axle Boxes.— Boilers.— Smokeboz. Blast Pipe 
Firebox Fittings,- Boiler Monntings.— Tenders.- Railway Brakes.— Lnbiication.> Con- 
anm^on of Fuel, Bvaporatlon and Engine Lfficiency.— Repairs, Banning, Inspection, 
and Henewala— Three Appendices —Index. 

'*Tlie work oovtiins all that oax ra lbaxht from a book npon such a subject, it 
will at once rank as thb biahdaxd wore cpox thu ihfortamt sdbjrct.”— R ailway ifagasint. 


In Large 8vo. Fully Illustrated. 8s. 6d. net. 

LOCOMOTIVE COMPOUNDING AND 8UPERNEATING. 

Bt J. r. GAIRNS. 

<k)MTisNTS.— lutrodnetoty.— Cuniix>uiidlDg and Superheating for Locomotives.— A 
Classiflcatlun of Compound Systems fur Locomotives.— The History and Dev..,lopment ot 
.the Compound Locomotive.— Two-Cvllnder Non-Automatic Systema— Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylluder Systems.— Fonr- 
Cyliiidor Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem).— 
Four-Cylinder Balanced Systems.— Four-(^Undcr Divided and Balanced Systems.— 
Articulated Compound Engines,— I'riple-Expaiision Locomotives.— Compound Rack 
Locomotivea— Concluding Remarks Concerning Compound Locomotives.— Hie Use of 
Superheated Steam for Locomotives.- I ndkx. 

“ A welcome addition to the library of the railway engineer.”— A'nginerftny Timei. 


In Large 8vo. Handeome Cloth, With Plates and lUustraRons, I6s, 

LIGHT RAII^WAYS 

AT HOME AND ABROAD. 

By william HBNEY OOLB, MJiiSt.O.B., 

* Late Deputy-Manager, North-Weetem Railway, India, 

WUl remain, for eome time yet a SvAirnARn Wore in everytiiing relating to 

** The whole lubl^eot le kzraustivrlt and PRAonoALLT considered. The work oen he 
oordlally reoommended as indispbnsablb to those whoie duty it ie to become acquainted 
with one of the prime neeeislties of the immediate future;”— >Raifwar OjBkttU ffatefte. 


In Demy 8vo. Handeome Cloth. Profusely Illustrated. 

CARBUREnORS, VAPORISERS, AND VALVES. 

By Ba)WARD BUTLER, M.I.Mech.E. 
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In Grown 8vo. Handsome Cloth. Fully Iliustrated. 6s. net. 

PMCTIGjiL CALCULATIONS FOR ENGINEERS. 

Bt chables e. larabd, 

A.U.In.t.O.E., K.I.H(!cti.R, Wh.Eib., 

Head of the MochaulcAl Eugineeiiug Department at the Northampton Institute, Loudon, K.C. 

Anj) H. a. GOLDING, A.M.I.Mech.E. 

CoNTKNTS.—aKCTlON I.— Contracted Methods of Calculation. —Technical Monsura- 
tion.— Practical Calculation by Lo^ithms.— Tlio Slide Kulc and its Applications.— 
Squared Paper and its Uses. Section II.— Pulleys and Wheels in Train.— Speed Itatios 
and Practical Examples.— Principle of Momenta Applied to Practical Problems. --Work 
and Power. —Enemy and Speed Fluctuations.— Transmission of Work through Machines. 
“Friction and Emcleiicy.— Transmission trf Power.— Shafting.— Motion on a Circle.— 
Momentum, Acceleration, and Force Action. Section HI.— Temperature Beales.— Units 
of Heat.— Si^ciflc Heat.— Heat and Work.— Heat Value of Fuels.— Heat Losses in Engine 
and Boiler Plant.— Properties of Steam.— Moisture and Dryness Fraction.— Steam and 
Fuel Calculations.— Boiler Efficiency.— Size of Boiler.— Engine Calculatious.-nPower, 
Indicated and Brake.— Calculations for Dimensions.- Steam Consumption and WiUans 
Iaw,— E ffliciencies, Comparative Costs of Power Production.— Commercial Efficiency. 
Section IV.- 'J'he Commercial side of Engineering.— Calculation of Weights.— Division 
of Costs, Material and Labour, Shop Charts and Establishment Charges. —Estimates.— 
Proflt.— Use of Squared Paper in the Estimating Department and to the Oeneral 
Management. 

"Exactly what it should be In order to make it useful ht students und jiraclltioners of 
engineering. ’—Moncheshr (juiu'dian. 

Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABLES: 

• Computed to Four Places of Decimals for every Minute of Angle 
up to 100 of Distance. 

• % For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales ano Victoria. 
Ptdflisked with the CMCurrmce oj (he Surv^rs- General ter New Smth 
Wales Victoria, >* 

" 'rhOM who have experience m exact Suxviv>wokk will best know how to appreciate 
the enomous amount of labour represented by this valuable book. Every Surveyor b 
active practice has felt the want of sue! a<«»tance raw knowing or thbik (the 'J'ables) 
PUBUCATION WILL RRMAiN WITHOUT THWU.” —Engineer, 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 

SON^XJS TJLBJLiXSS: 

For CaleulatinfiT Wages on the Bonus or Premium Systems, 

for Engineering^ Technical and Allied Trades. 

By henry a. GOLDING, A.M.I.Mech.E., 

"Cannot fail to prove practically serviceable to those for whom they have been 
desigued.*'— ^Sootoman. 

HORSE-POWER COMPUTERS. 

By H. A. GOLDING, A. M. I. Mech. E. , A.M.IA.E. 

For Steam, Gas, and Oil Engines. Complete with ExpSnatory 

Famph!.t. In Box. Ss. net. 

For Petrol Motors. Complete with Explanatory Pamphlet. In 

Envelope. tSd. net. 

Detailed Proepeehut on Applicatimi. 
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Second Edition. Large 8vo, Handsome Cloth. With 
lUustrations, Tables, ko. 21s. net. 

Lubrication & Lubricants 

A Treatise on the Theory and Practice of Lubrication, and on the 
Nature, Properties, and Testinsr of Lubricants. 

BY ANP 

LEONARD AROHBUTT, P.I.C., F.O.S., E. M. DEELEY, M.l.Meob.B., F.G-t 

Ohemiiit to the Mid. liy. Co. Chief Loco. Sujier., Mid. By. Co. 

Contents.— I. Friction of Solids.— II. Liquid Friction or Viscosity, and Flast 
Friction.— III. Superficial Tension.—lV. The Theory of Lubrication.— V. Lubricants, 
their Sources, Preparation, and Properties.— VL Physical Pr^rties and Methods 
Bxamiuation of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubricants.— VIIL The Systematic Testing of Lubricants by Physical and Chemical 
Methods.- IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.— XI. The Lubrication of Machinery.— Index. 

Contains p^tically all that is known on the subject. Deserves the careful 
attention of all BngiueorB.“— ilailtMiy OfficitU Quzette, 


Fourth Edition. Very fully Illustrated. Olothf 4s. 6d. 

STEAM - BOILERS; 

THBIB DBFBOTS, MANAGEMENT, AND OONSTBUOTION 

By R. D. MUNRO, 

CAief Btigineer of the SeottUh Boiler Inswranee and Engine Inepeetion Compemy 
" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— Co/4 Guardian. 


By the same Author. 

KITCHEN BOILER EXPLOSIONS'. Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 

In Crown 8 »o, Cloth. Fully Illustrated. 55 . net. 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Praetiee in General Tool Grinding, and the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

' ' Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal.'— Trad* Journal. 


Fifth Edition. In Two Parts, Published Separately. 


A TEXTBOOK OF 

BngineeriDg Drawing and Design. 


By SIDNEY H. WELLS, Wh.Sc., A.M.I.C.E., A.M.LMboh.P 
V^OL. I. — Pbaotioal Gbometby, Plane, and Solid. 4s. 6d. 
Tol. II.— Machine and Engine Drawing and Design. 48. 6d 
WiM many lUwstrailitmSt spemaUy prepared for the fTork, ogd wwmeroi 
Exaim^ea^/or the Cee if Students in Techsuetd SchooU and CoUeget* 
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In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANACEMENT. 

By W. POYNTER ADAMS, M.Inst.E.K. 


PART l.-THE PETROL GAR. s^- net. 

Second Edition. With important new Api^ndix, illuhtniting and deiiniiin p.nt^ 
of actual cars in use. 

Con^ntSi— Skc iion I.— Tiik Mechanism ok the Petkoi. Ok. - I lie Engine.— 
The Engine Acceshories.— Electrical Ignition and Accessories.— Multiple Cvliiidcr Engines. 
—The Petrol.— The Cha.ssis and Driving dear.— Section II. - The Manai.kment oi- ^ hk 
Petrol Car.—THc Engine. — The Engine Accessories.— Electrical Ignition. 'J'he ('liassis 
and Driving Gear.— General Management.— Aitrndix.- Glossary’.' -Inui'X. 

‘‘ Should be carefully studied by those who have anything to do with inoiors."- Avto- 
mobile ami Carriage Builder^ Journal. 

PART IL-ELECT^AL"AND~PEmL ELECTRICAL 
MOTOR CARS. 

Pp. i.-x. + 202. With 50 Illustrations. Ss. net. 


Ill Large Svo. Handsome Cloth. Very Fully Illustrated. ISh. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 
By P. STRICKLAND. 

Gbneral Contkrts. -Pabt I.: Knoinrs.— H istorical.— Power Jtctimved.-tieueral 
Arrangement of Engines.— Ignition. — Carburettors.— Cylinder, Pistons, Valves, Ac.— 
Crank Sliifts, Crank Chambers, Cams, Runners, Guides, 4c.— Pumps. Eli^heels.— 
Pipe ArrangementB.—Siloiioers.— Engine Coutml, Balancing.— Motor Cycle Engines.— 
Marine Motow. — 'i'YVo*Cycle Motoi’s.— Parafflii Carburettors. -Gas Prixluccrs PAHf 
II.: Cars.— G eneral AiTongements -Clutches.- -Transmission.— Ditferentlal Gears.- 
Universal Joints.- Axles, — Springs. — Kadlus Bods. — Brakes. — Wiieels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, &c.— Lubricat inn. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special CiitRge Speed 
Gears.— Special Cars.— Comnierdal Yeliicles.— Haciiig Cars. -iNDBX. 

•‘Tlionuighly practical and scli-ntl tic. . . . We have ploasiuc in riToimiuMiillm: It to all." 
^Mechamcm Kittfineer. 


In Medium Svo. flaiidBome Cloth. Fully Illustrated, loa. net. 

OIL MOTORS. 

Their Development, Construction, and Management. 

By G. LIEOKFELD. (Authorised English Edition). 
CONTKNTS.— Liquid Fuels for Power Pniductiou. -Development of tlie Petrol and 
ParalBu Motors.— Working of the Later ParafRii and Petrol Engines.- Ignition Devices. 
—Examples of Stationary Petrol, Alcohol, Paraffin, mid Cindo Oil Biigineb. Automobiles. 
—Ship, Boat, and Alr-ship Eiiginea.— Vehicles, &c., Driven by Internal Combustion 
Engines.- Erection aud Attendance of Engines Driven with Liquid Fuel.- Correcting 
Irregularities in Kunnlng. 


In Crown Svo. Handsome Cloth. With 105 lllustratinns. os. net. 

MECHANICAL ENGINEERING 

FOR BROIRRBRB. * 

Bv R. S. M’LAREN. 

COMTEiJTS.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers. - - Steam Kalsing 
Accessories.— Steam Pipes and Valves,— The Steam Engine.— Power Transmission.— 
Condensing Plant.— The Steam Turbine.— Eleotrioity.— Hydraulic Machinery.— Gas and 
Oil Bnrines.— Strength of Beams, and Useful Information.— Index. 

“ The best of its kind we have seen, and should be in the hands of every apprentice." 
—Steanuhip. 
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ANDREW JAMIESON, M.1NST.C.E, M.I.EJU F;R.aE., 

Formtrly Profntor of Electrical Engineering^ The GUu. and W, of Scot. Tech. CoU. 


PBOFESBOB JAMIESON’S ADVANCED TEXT-BOOKS. 

I* Large Cmm tan. RiBy lUustrattd, * 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinadona With 800 pp., over 400 Illustrations, n Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. Sixteenth Edition, Revised. los. 6d. 

'* Tbe Bxst Book yet published for the use of Students.**— .ffElfw/Fr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst. C.E. Exams, in (i) Applied Mechanics; 
(2) Strength and Elasticity of Materials ; (3a) Theory of Structures ; 
(ii) Theory of Machines; Hydraulics. Also B. of E ; C. and G. Questions. 

Vol. 1 . — Comprising 508 pages, 300 Illustrations, and Questicms: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Sixth Edition. 8s. 6d. 

" Fully maintains the reputation of the Author.”— Engineer . 

Vol. II. — Comprising Parts HI. to Vt., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics , 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

“Well and lucidly writtbn.**— 7*,*# Engineer. 

*,* Each of the above volumes it complete tn itself and told separately. 


PROFESSOR JAMIESON’S INTRODUCTORT MANUALS 

CrvwK 8vo. With Illustratims and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

.Manual o 0 < For First-Year Students, forming an Introduction to the 
Author’s larger Work. TwELh-TH Edition, Revised and Enlarged. 3 /6 
Should be in the hands of bvbrv engineering apprentice.’’— Pfwc/lcaf Snginetr. 

HAONETISH AND ELECTRICITY (Practical Elementary 

Manual of). For First- Year Students. With Stud. In8t.C. E. and B. of E. 
• Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6. 

“ A THoaouoHLY TRUSTWORTHY Text-book. Practical and dear."— JVWmty. 

APPUED MECHANICS (Elementary Manual of). 

For First-Year Students. With B. of E., C.and G. ; and Stud. Inst. C.E. 
Questions. Eighth Edition, Revised ^nd Greatly Enlarged. 3/6, 

" ^e work has vbry high qualitibs, which may be condensed bto the one word 
‘ CLBAB,' "--Science and Art. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Sise. Leather, 8s. 6d. Ninb^enth 
Edition. [See p. 47. 

IDNUON: GHARU8 QRIFFIM ft G0„ LIMITED. EXETER STREET, STRAND. 
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WORKS ^BY W. I. MACQOORH RiHKIRE, LL.D., F.R.S. 

Thopouffhly Revised by W. J. MILLAR, C.B. 


A manual of applied mechanics : Oompiising the 

PrinoipleB of Statics and Cinemadps, and Theory of Stmoturea, 
Mechanism, and Machines. With Nnmerons Diagrams. Grown 8vo, 
Cloth. Sevkntkbnth Edition. 12s. 6d. 

A MANUAL OF CIVIL ENGINEERING: Comprising Engim 

eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Roads, Railways, Canals, Rivers, Waterworks, Harbours, 4to. 
With Numerous Tables and IHustoraHons. Crown 8vo, Cloth. 
Twenty-Thied Edition. 16 s. 


A MANUAL OF MACHINERY AND MILLWORK : Com- 

prising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. With nearly $00 Illustrations. Crown 
8vo, Cloth. Seventh Edition. 12s. 6d. 

.A MANUAL OF THE STEAM-ENGINE AMD OTHER 

• PRIME MOVERS. With t Section on Gas, Oil., and Aib 

• Engles, by Bbtan Donkin, M.lnstC.E. With Folding Plates 

and Numerous Dlustrations. Crown 8vo, Cloth. Seventeenth 
Edition. 12b. 6d. 

USEFUL RULES AND TABLES: For Ai'chitects, Builders, 

Engineers, Founders, Mechanics, Shipbuilders, Surveyors, &c.^ With 
Appendix for the use of Elboibioal Enoineers. By Professor 
Jamieson, M.InskC.E., M.1.£:.E. Seventh Edition. 10s. 6d 


A MECHANICAL TEXT -BOOK: A Practical and Simple 

Introduction to the Study of Meohanios. By Professor Rankine 
and E. F. Bambeb, G.E. With Numerous IlluBtrations. Grown 
8vo, Cloth. Fifth Edition. Ob. 

*/ Tht SiscoAinoAL TbxnBoox toM dttigwd ProfsMOT BAMKurx M an Unse- 
DUOtiOM M EeHei of Mmualt. 


MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera- 

ture, Elasticity, and Expansion of Fapours, laquidi, and I^Uds. 
Part II. l^er^ and its TransformatiouB. Part' in. Wave-Forms, 
Propulsion of vessels, &o. With Memoir by Professor Tait, M. A. 

fine Portrait on Steel, Plates, and ^grams. Royal 8vo. 
Cloth. 318. 6d. # 

''Nem.ireeiidvvingMemoriHofFrafeBiw Bsnkine could bo doHiod thw fiio pubboo- 
■1.^ of UiMe fanan in an aoctidblo finm . . . . The CoUoctiaii ii aiost vahiiiblo oo 
account of the nature of hie diaeovetiee, end file beauty and oompleteneM of hia analyda;'' 


IBNOON: CHAILES fiRIFFIN « GO,. LIMITED, EXETER STREET, STRAND- 
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TifiKP Edition, Thonmghly Revised and Enlarged, With 6o Plates and 
Numerous Illustrations. Handsome Cloth, gp. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FELLOW OV king's COLLEGE, ^.ONDON ; PBOF. EMERITUS OP CIVIL ENGINEERING, 

king's college, etc., etc. 

. Contents — Dischanje througlr Orifices.— Flow of Waier througli Pipes. -Accumulators 
— Presse.s and Lift.s.—lloi8l.s.— Rams.— Hydraulic Engines.— Pumping Engines.— Capstans. 
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop 'i'ools. — Punching, 
Shearing, and rlaiigiiiz Madiines. — Cranes. — Coal Discharging Machines. — DrilU and 
Cutlers.— Pile Drivers, Excavators, &c.— Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems and Power Installations — 
Meters, &c. -Index. 

" The st.siidard work on the application ot water jiowcr.'’— CafxrVr'r Afa^atinf. 


'Second Edition^ OrtaUy Enlarged. With FronL»piccet several 
PUU/at and otter 250 lUwtrationn. 218. net. 

THE PRIHCIPLES AHD GOHSTRUGTIOX OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal Illnstratione of Engines and Pumps applied to JMinino, 
Town Watrb Supply, Drainage of Lands, &o., also Eoonomy 
and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Membtr of the InitltuUoo of Civil Enghieen, Member of tbe Instltatlon of 
MeoUanloal Engineera, F.O.S., Ac. 

Contents —Early History of Fumpii^ En^es— Steam Pumping Engines - 
Fumps and Pump Valves— Greneral Principles of Non-Rotative Pimping 
Engines— The Cornish Engine, Simple andf Oomponnd— Types of Mining 
Engines— Pit Work— Shaft Sinkiiu— Hydraulic Transmission of Power in 
Mines— Electric Transmission of Power— Valve Gears of loping En gine 
— Water Pressure Pumping Engines — Water Works Engines— Pumping 
Engine Economy and Trials of Pumping Machinery— OenTOngal and other 
LQW'Lift Pomps— Hydranlic BaAs, Iiunping Mains, fro.— Index. 

“Bj the 'one English Engineer who probably knows more about Pumping Machinery 
than AST OTHSK.' ... A VOLUME HEOOKDIRO THE BXSULTS OV LONG BXnaRKOB ANU 
ITODT.”— PAs Engineer. 

In Large Crown 890. Handsome Cloth,, Fully lUustixited. 

SEA WATER DISTILLATION. 

By FKANK NORMANDY, of the Middle Temple, Barrister-at-Law. 
n!CoiiTKNT.M.— Dlrtillltig Macliiiieiy.— .Sea Water.— Steam. -Multiple DistiUstiun.— The 
Evaporator.- The Distilling Condenser. -Puniplug Machinery.— Useful Memoranda:— 
The Filter, Prevention of Cuntalon and Dciay of Metals, Aomoval of Scale, Cleaning, 
Overhauling, fre.- Index. 


OINDOli . CHARLES RRIFFIIi A 00.. LIMITED, EXETER STREET 8TRARD 


NAVAL ARQHITBCTURE. 


In Large 8vo. Handsome Cloth. Profusely Illustrated. In Two 
Volumes^ Each Complete in itself, and Solo Sepabatki.y. 

THE DESIGN 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

ProreBHur of Naval Architecture in Dlangow University. 

Volume I. -CALCULATIONS AND STRENGTH. With Folding 
Plates, and 245 other IllustrationB. Complete in itself, with 
Index. 25s. net. 

Contents. -Paut I.— Areas, Volumes, and Centres of Gravity. Pak r IT.--.S}iln 
CalculatiouH. Part III.- 8trenKth of Ships. 

“ No teacher of iiavni arehitectnro nor suientiflually -eiiulpped stmleiit can utfoid to 
be without this volume . . . will doubtless I’cmaln the standaiNl for many yews ” - 
Timen. 

Volume II., dealing with Stability, Waves, Oscillations, Kesistance and 
Propulsion, Design and Construction, is in active inoparation, and 
will be ready very shortly. 


BY PBOFBSSOR BILBS. 

‘LECTURES ON THE MARINE STEAM TURBINL 

^ With 131 i/iustrationa. Price da. net. 

See page 28. 


eoyal aoo, Httneaom§ CloUi. With num$roua Hiuatmtiona and Tablu. 26a, 0 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.RS., M.P., 

KXioirr or thk mpuiAL okdbbs op st. stamoaus op kussu; pramcii joora or 

AOSnUAi MIDJIDIB Of TURKBV; AND RISING SON OF JAPAN; VlCr* 

PROSWaNT or the institution op naval architrcts. 

" Sr BnwARS Rkbd's * Stability op Ships ’ is invaluable. The Natal Archithct 
win find brought together and ready to his hand, a mass of information which he would other* 
wise have to sedc in an almost eacuen variety of publicatkms, and some of which he wcfold 
possiUy not be aUe to obtain at all eisewbere.''->BiiM<w«A^. 


In Crown 8vo. Handsome Cloth. Fully Hlustrated. 

HYDROGRAPHIC SURVEYING. 

For the Use of Beginners, Amateurs, and Port and 
Harbour Masters. 

Bf COMMANDER S. MESSUM, R.N., 

Instructor In Nautical Surveying, UK. College, Greenwich. 

C0STXMT8.— Sextant.— Protractor. 'Station Pointer.— Theodolite.— Frojectiona- 
Syinbols and Abbreviatlona— Plotting and Mangulatlon of a Small Flan.— Mast-head 
Angle Survey.— Meridian Distances.— APKBNDIX.— 1 EUSE. 


UlNDOSr CHARLES 8RIFFIN <1 CO.. LIMITED, EXETER STREET, STRAND 
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auAULBs QRieeiN * oo:a publications. 


WOBKS BY THOMAS WALTON, 

NAVAL ABOHITXOT. 


Fouk'I'h Edition. Illustrated with Flates, Numerous Uiugrams, ai 
Figures in the Text. i&. net. 

STEEL SHIPS: 


THEIB OONSTBtrCTION AND MAINTENANC: 


A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF “know YOUR OWN SHIP." 


Contents. — I. Manufacture of Cast Iron, Wrought Iron, and Steel.— C 
position of Iron and Steel, Quality, Strength, Tests, &;c. II. Olassificatio 
Steel Ships. III. Considerations in making choice of T we of V esseL — Fran 
of Ships. IV. Strains experienced by Ships. —Methods of Computing 
Comparing Strengths of Ships. V. Construction of Ships.— Alternative M 
of Construction.- Types of Vessels.— Turret, Self Trimming, and Tr 
Steamers. Ac.— Rivets and Rivetting, Workmanship. VI. Pumping Arra 
ments. VII. Maintenance. — Prevention of Deterioration in the Hull 
Ships.— Cement, Paint, Ac.— Index. . 

' te thorough and well written Is every chapter m the book that It Is diihcnlt to Mleci 
any of them as being worthy of exceptional pra eo. Altogether, the work is excellent, and 
will prove of great vriue to those for whom it Is intended.”— f/w Knginur. 


In Handsome Cloth. Very fully Illustrated. 7b. 6d. net. 

PRESENT-DAY SHIPBUlLDINCr 

For Shipyard Students, Ships* Officers, and Engineers. 

By THOS. WALTON. 

Ckneral Contents.— Classification.— Materials used in Shipbuilding.— 
Alternative Modes of Construction. — Details of Construction. — Prammg, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arraneemonts, Loading and Discharging Gear, Ac.— Types of 
Vessels, incln&g Atlantic Liners, Cargo Steamers, Oil oarrymg Steamers, 
Turret and other Self Trimming Steamers, Ac.— Index. 

“Simple language . . . clear and easily followed illoBtratious." — Pitas* 

lieartlly recommend it to all who have to do with ships.'’ — Steamtkip. 


Ninth Edition. lUwtrated. Uandaome Cloth, Crown 8vo» 7«. 6d, 

The CWaptePS on Tonnage and Freeboard have been brought thoroughly 
up to date! and embody tne latest (1906) Board of Trade Regulations on 
these suhleets. 

KNOW YOUR OWN SHIP. 

Bt THOMAS WALTON, Naval ARCHiTBcrr. . 
Specialty arranged to suit the requirements of Ships* Officers, Shipowners, 


Superintendents, Draughtsmen, Engineers, and Others, 

CONTENTS. — Displacement and Deadweight. — Moments. — Buc 
Structure.— Stability.- Rolling.- Ballasting. -j^lng.-Shlfttng 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-lin 
Set of Calculations from Actual Drawings.- I ndex. 

0 down^ the sea in ships should make them- 


Oargbei.-^ffect of 
'ne). — Calculsttions.- 


“The work Is of the highest value, mA Y^o m d 
selves aoquaiuted with IW' ^Shipping fVorld (on the n 


tion). 


LONDON: CHARLES GRIFFIN i CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN’S NAUTICAL SERIES. 

Editbd by BDW. BLACKMORB, 

Huter HlHner, First Class Trinity House Certificate, Assoo. Inst. N.A. ; 
ABD WBiniBB, XAIVLT, by SAIL0B6 for SAILOBS. 


"THB APMIBABLH 8KRIBS."--Fa»rpifl6|/. “A VIRT USBVVL SKBIIS."— Aroftm. 
“Bvbry Bcftp should have the WHOM SiRiBS u a BBraRBNOi Library. Hard- 
lOlllLY BOUND, OLIARLY PRINTED and ILLU8TRATED.”-->£iMf]MN)I Jowm. CVOmH/fM. 


Th6 British Mepcantile Marine: An Historical Sketch of its Rise 
and Development. By the Editor, Gapi. Blaormorb. 8b. fid. 

“ Captain Blaokmore s splendid book . . . contains paragraphs on every point 
of interest to the Kerchant Marine. The 248 pages of this book are THE MOST yalu. 
ABLE to the sea captain that have ever been ooMPiLED/’—JirercAanf SeroiM Reviem. 


Elementary Seamanship. By D. Wilson -Barker, Master Manner. 

F.ILB.E., F.R.G.S. With numerous Plates, two in Colours, and Fruntlspisoe. 
SIXTH Edition, Thoroughly Bevised. With additional lilnstrations, &c. da. 

"This ADMIRABLE MANUAL, by Gapt. WILSON BARKER, of the 'Worcester,' seems 
to as FBRrEOTLT DESIONED. “—Atfienmum. 

Know Your Own Ship : a Simple Explanation of the Stability, Con- 
struction, Tonnage, and Inboard of Bhips. By THOS. WALTON, Naval Architect 
Ninth Edition. 7s. 6d. 

"Mr. Walton's book will be found very useful.”— 3'A« JJfngineer. 

Navi^tion : Theoretieal and Praetieal. By D. Wilson-Babker 

and William ALUNOHAM. Second Edition, Bevised. 8s. 6d. 

. "PRlOlSBLY the kind of work required for the New Certificates of competency. 
Candidates wUl find It invaluable. ’’- i)ufid«i Advertittr. 

• ^ ^ 

Marine Meteorology: For Officers of the Merchant Navy. By 
WnitiAJC Allinoham, Arst Class Honours, Navigation, Science and Art Department 
With Illustrations and Maps, and faotmile reproduction of log page. 7i. fid. 
"Quite the best publication on this iubJeot."-Skipp<Tig Gazette. 


Latitude and Longitude : How to find them. By W. J. kCAi.AB, 

C.E. Sboond Edition, Revised. 2s. 

" Cannot but prove an acquisition to those studying Navigation.”— Marina Btigiiuer 


Praetieal Mechanics : Applied to the requirements of the Sailor. 
^Thos. Mackbnzib, Master Mariner, F.B.A.8. Third EDinoH, Revised. 8b. 6d. 
" Well worth the money . . . rkoeedinoly hilpful.”— Shipping WorlA. 


Trteonometiy : 

Thames Nautical 
Price 8a. fid. 


For the Young Sailor, Ac. By Rich. C. Buck, of the 
Training College, H.M.8. " Worcester." THIRD Edition, Revised. 


"This eminently practical and reliable volume."— SoAoofmaster. 


Practical Algebra. By Kioh. 0. Buck. Companion Volume to the 
above, for Balloni and others. Second Edition, Revtsed. Price 8s. fid. 

" It Is JUST THE BOOK for the yoong sailor mtndf ol of progress.”— Nourieof Magatine. 


The Legal Duties of Shipmasters. By Bbrediot Wm. Oinsbdbg, 

• M.A,lJi.D., of the Inner Temj^e and Northeni Circuit: Bal!riBte^atdAW. Second- 
Edition, Thoroughly Revised and Enlazged. Price hi. fid. 

"Invaluable to masters. . . . We can fully recommend It ’—Ai]vif^ll^hue(t« 


^ imd Sui^eal Help for Shipmasters. Inoludlag Rni 

foncliiil M.dlMa OOnn^Luin’. 
HMtal, Greenwich. Third Edition, Thoroughly Revised, fls. 

"SOUND, JUD1010U8, RIALLY HILEfUl!"-Tfcs lon^, 


LOHOON: CHARLES 6RIFFIN i 00., LIMITED, EXETER STREET, STRAND. 
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CHARLES QRIFFIN A 00.‘S F17BLJOA2JONS, 


GBIFFIN’S NAUTICAL SERIES. 


Introductory Folume. Price Sb. 6d. 

THE 

British Mercantile Marine. 

Bt EDWARD BLACKMORE, 

MASTER UAR1NBR{ ASSOCXATB OF THB INSTITUTION OP NAVAL ARCHITBCTSi 
MBUBBR OP THB INSTITUTION OP BNCINBBRS AND SHIPBUILDBRS 
IN SCOTLAND $ EDITOR OP GRIFFIN’S “NAUTICAL SBRIBS.” 

Gimeral Goktientb.— H lBTOBiOAL:-From Eariy Times to 1436~Pnjfreis 
onder Henry VIII,— To Death of Mary—Dorine Elizabeth’s Eeign— to 
the Reign of William III.— The and 19th Centuries— Institation ol 

Examinations — Rise and Progress of Steam Propnlsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1876— “ Locksley Hidl*' Case- 
•Shipmasters’ Societies— Loading of Ships— Shipping Legislation, 1884 to 1894— 
•Statistics of Shipping Thb Pxbsonnel : Sbipowners-Offioers— Mariners— 
Duties and Present Positioxu Education: A Seaman’s Ednoation: what it 
■should be— Present Means of Education— Hints. DisoiPLiNl AND Duty— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

“ iNTSBBsme and Insxbuciivs . , . may be read wm proiit and njonan."- 
AUufOVi BtnUd, 

“ Evkxt bbamor of the snbjeet is dealt with in a way which shows that the wr i ter 
‘ knows the ropes* familiarly. ’’--•BeflfMtas. 

‘‘This ADMnuBLB book . . . TtRKs with nsefnl Information— fihonld be in Mw 
nanitp of every Sailor."— IfMteni Mominif Netu, . 


Sixth Edition, Thoroughly Revised. With AddUioml 
lUustraHonB omd a new CJuipter on Clouds. 

IL 'UKAUStJJMJLi OS* 

ELEMENTARY SEAMANSHIP. 

wr 

O. WILSON-BARKER, Master Mariner; F.R.S.E., F.B.0.S.,fta, fto. 

TOUNGSB BROTHER OF THB TRINITT HOUSE. 

With Frontispieoe, Numerous Plates (Two in Colonrs), and Dlnstrationa 
in the Text. 

(iKNiRAL Contents.— T he Building of a Ship; Parts of Hull Masts. 
Aa -Ropes, K^ota SpUoiug, Ac. — Gear, Lead and Log, fto. — 
Anchors— Sailmakmg— The Sails, &a— Handling of Boats under Sail — 
Signals and Signelliiur— Bnle of the Road— Keying and Relieving Watrh— 
Pointe of Etiquette— Glossary of Sea Terms and niriiiM*7-Index. 

V The Tolnme contains tbe ssw BULBS or TBS ROAD. 

" '1 iits ADicau«u HASUAL, by Oapt. Wnsov-BAixn of the * Woroester,' eeema to os 
psancTLT raeieinm. and holds its place exoelkmtly In * Osxnmt’e NAuncAi Snna' . . . 
Although intended for thoee who are to become Offloers of the Merohant Navy, It will be 
found neetal ^ uul TACBXsiaar."— AMeisnm. 

\* Foroomplete Llstof QRwror’e Naimau. Mbriu, eee p. SS. 


LONDON: CHARLES GRIFFIN d GO., LIMITED. EXETER STREET. STRAND. 
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CmiFFIN^S NAUTICAL SEBIE8. 

Second Edition, Revised and IllmUraied, Price Ss. 6<L 

AVIGATION: 

PXt&CTICJLX. AMD THEORMTICAXt. 

«T DAVID WILSON-BAKKBR, B.N.R., F.R.S.B., 4o., * 0 .. 

AMD 

WILLIAM ALLINGHAM, 

raST-OLASS HOMOUBS, NAVIGATIOM, BOIBMOX AND ART DIPARTIONI. 

tKHitb flutiterous Sllustcationo attb Stamination OluesttonB. 

Ginkbal OoNTEMTa.--DefinitioiuH~Latitiide and Longitnde--liutrQmenU 
»of Navigation— Ooirection of Connes— Plane Suling— Traverse Sailing— Dajr*i 
W«»rk — Parallel Sailiog— Middle Latitude Sailing — Mercator’s Chan 
Mercator Sailing— Current Sailing— Position by Beariiu^Great Circle Sailing* 
' The Tides— Questions— Appenmx t OompassError— Numerous Useful Hints 
Aa— Index. 

“ PuoissLr the kind of work required for the New Gertifloates of oompetency In pades 
from Second Mate to extra Master. . . . Candidates will find it nvAUTASUL'-iitNidif 
AdMrUser. ^ _ 

OAnTAL UTILS BOOK . . . epeclally adapted to the New Examinations. The 
Anthors are CAn. Wiuom-Bajuub (Captain-Saperintendent of the Nantloal College. ELM a 
* Woroester,' who has had great experience In the highest problems of Navigation), sed 
Mx AiumHAX, a well-known writer on the Bdenoe of Navigation and Nantloal Astronom) " 
—Sf'.ppiiW World. 


Handsome Cloth. Fully Illuetraied, Price 78. 6d. 

MARINE METEOROLOGY, 

FOB OFFICEBS OF THE MEBCHAHT NAV7. 


By william ALLINGHAM, 

Joint Author of "Navigation, Theoretical and PracUoal." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a iaosimilf 
Reproduction of a Page from an actual Meteorologioal Log-Book. 


BUMMABT OF OONTEITTS. 

INIRODUOTOBT.— Instruments Used at Sea for Meteorological Fnrpgsa.— Ueteoro- 
iogloal Log-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temneratures.- 
Winds.— Wind Poroe Scales.— History of the law of Storms.— Hmioanes, seasons, and 
.Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— IoebeKs.-Byn 
ohronous Charts.— Dew, Misti, Fogs, and Ease.— Clonds.— Kain, Snow, and Hail- 
MIrags, Rainbows, Coronas, Halos, and Meteors.— Lightning, Corposants, and Anruras.- 

QinUXIONS,— APPSNDIX.— INDIX. ^ 

** emits !ibe BIST publication, and certahily the most iRuannse, on this subleci svsf 
1 to Nautical mm."^8kipping QemtU. 


\* For Complet. lirt of Osimir’s Hauucul Sons, m. p. n. 


UNOON: CHARLES SRIFFIN ft G0„ LIMirED. EXETER STREET. STRANS 
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OHARLm ORIFFIN da 00,*8 PUBLICATIONS, 


^iXTHBinns Edition, Thoroughly Revised. Large 8vo, Cloth, 
pp, i-xxiv+712. With 260 IlluBtrationHy reduced from 
Working Drawingif and 8 Plates. 21«. net,^ 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, OONSTRUC5TION, AND 
WORKING OF MARINE MACHINERY. 

By A.E. SEATON, 1IL.LC.E., tf.LMeeh.EM M.LN.A. 

(yKNBRAL CoNTBNTS. — Pabt I.— Principles of Marine Propulsion. 
Pabt II.— Princmles of Steam En^eenng. Part III.— Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Eiqpansion Valves, &o. Part IV.~ Propellers. Pabt V.— Boilers. 
Part VI.— Miscellaneous. 

“The Student, Dnughtsman, end Engineer will find this work the most valuablf 
Handbook oi K^renoe on the Marine Enxioe uow in existence.*’— JforifM JEMsmt. 


Ninth Edition, Thoroughly Revised. Pooket-SuBe, Leather. 8s. fid. 

A POOKBT-BOOK OF 

MABUE EIGHSERDIG BEES iBD TABLES, 

VOB THB USB OV 

Marine Engineera Naval Arehiteets, Deslyners, Draughtsmen, . 
Superintendents and Others. ^ 

By A. E. SEATON, M.I.O.E., M.LMech.E., M.LN.A., 

AND 

R M. ROUNTHWAITE, M.LMeoh.E., M.I.N.A 

“ The best book of Its kind, and ti»e information is l>oth up-to-date and reliable.' — 
Rngineer. 

In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates, 
fi5 other lUnstrations, and 60 Tables. 12s. 6d. net. 

TKfi SCR£IW PROPEZiXsER 

And other Competing Instruments for Marine Propulsion. 

By a. E. SEATON, M.Inst.C.E., M.LMech.E., M.LN.A. 


In Pocket Size. With 368 Pages. 38. fid. net. 
ENGLISH-SPANISH and SPANISH-ENGLISH. 

BRA UTRRUB ARR PHRJLBRB. 

By Flbst-Paymastxb GRAHAM-PEWLETT. 

"Most complete . . . lAsefhl . . . we can heartll; recommend it."— /MeameMp. 


Ingrown 8vo. Huidsome Cloth. Muiy Diagram.. 2*. 6d. net 
DEFINITIONS IN NATIOATION AND NAUTICAL ASTRONOX7. 
Br P. GROVES-SHOWELL, 

Head of the Navisatlon Department, I(;0.C. School, Poplar. , 

"Mr. Groves-Showell writes with a fall knowledge of his eubject, and with admlrablw 
clearness ’'—ShipbHtlder. ^ 
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Second Edition, Revised. In Crown 8vo, extra, with Dioffram 
and Folding- Plate, 7b. 6d. net. 

THE 6aLCULUS for ENGINEERS 

AND PHYSICISTS, 

nrTBasAiioN ass diffbbestiatios, 

With Applications to Technical Problems; 

AND 

OLASSIFIED BEFEBENCK LIST OF lETEOBALB. 

By prop. ROBERT II. SMITH, A.M.In8T.C.E., M.I.Mech.E., Jbc. 

'* loierettlngdiHffnniB, with practical illustrations of actual occurrence, are to be found here 
In abundance. I'm tmt oompmii ciAaeiriES aBnanoi vabia will prove very uiefui in 
MThift the time of those who want an integral in a hurry.*'— The Engimter. 


In 4to, Boards. Is. Bd, 

MEASUREMENT CONVERSIONS 

(English ftnd French) : 

43 QBAPHIG TABLES OR DIAGRAMS, ON 28 PLATES. 
Showing at a glance the Mutual Conversion of Measubimintb 
in Diftebent Units 

Of Lengths, Atom, Tolumes, Weights, Stresses, Densities, Qnsntlties 
of Work, Horse Powers, Temperatores, Ao. 
the use of Bngineera, Suroeyon, ArcMtecte, atS Contractors. 

By prof. ROBERT H. SMITH, A.M.1n8T.C.K., M.LMbch.E., Ac. 

These Tables form the most unique and oomprehenslve ooUeotiw 
ever placed before the profession. By their use much time and labour will 
be saved, and the chances of error in calculation diminished. « 


Third Edition. Pocket Size, Leather Limp, with Gilt Edges and Bounded Comen, 
printed on Special Thin Paper, with IHnstrations, pp. I*xli + 884. Price 18s. net. 

(THE NEW “ NYSTROM ") 

THE MECHANICAL ENGINEER’S REFERENCE ROOH. 

Bt henry HARRISON 8X7PLEE, B.Sc., M.B. 

•* W. te.1 ran it wOl be oI gnet ranloe to mech wiwi eD,inMn."-Xn.«mriti,. 


THE STUDENT’S MECHANICS: 

An Introdnetlon to the Study of Fono and Hotton. 

By WALTER R. BROWNE, M.A., M.Isst.C.B. 

Vnth Dagnug. Cnnm Sro. Cloth, 4i. M. 

‘*aaar In Wfie aad pnctkal in method, *Tia Studsmt's Michamici’ b coidiaUy to be 
(ecoBBmendad from all points of view.' — XMamnwa, 


By the Same Author. 

FOUNDATIONS OF MECHANICS. 

PtpenteminMiXromthe £wh.«r. In Crown 8m, ii. 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised, tn Large %vo. Handsome Projusely 

Illustrated with Plates. Diagrams, and Figures. 245. net, 

CENTRAL ELECTRICAL STATIONS; 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mkch.E., 

Lat« Memb. of Cotincil Inst E. E., and Electrical Bingineer to the City of Manchester ; 
Electrical Engineer-inrChief to the Admiralty. 

"One of the most VALtiAStB contributions to Central Station literature we have had 
for some 


In Large 8 vo. Handsome Clolh. Profusely Illustrated. 12s. 6 d. net. 

ELECTRICITY CONTROL. 

A Treatise on Eleetrle Switchgear and Systems of Electric Transmission. 
By LEONARD ANDREWS, 

Associate Membei of the Institurion of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details —Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers.— Alternating Reverie 
Current Devices. —Arrangement of *Bus Bars, and Apparatus for Parallel Running.— 
Ceneral Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus (or Low Tension Systems.— Examples of Complete 
Installations.— Long Distance Transmission Schemes. ^ 

" Not often dims the specialist have presented to him .so satisfactory a book as tnis. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject.”— /’iwtw'. 


Large 8vo, Cloth, with 384 Pages and 307 IlluBtrations. 16 b. net. 

ELECTRICITY METERS. 

By henry G. SOLOMON. A.M.InBt.E.E. 

Contents.— Introductory. — General Principles of Continuous -Current 
Meters.— Oontinuoue-Current Quantity Meters.— Continuous-Energy Motor 
Meters.— Different Types —Special Purposes, i,e., Battery Meters, Switchboard 
Meters, Tramcar Meters. —General Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters.— Polyphase Meters.-J- Tariff 
Systems.- Prepayment Meters.— Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design.— Testing Meters.— Index. 

“ Aa earaeat and sacooisful attempt to deal oomprehenRlvely with modorn methodR of 
tiieaiuiing current or power in electrical installations. ” —Engineering, 


In Large 8vo. Handsome Cloth. Fufly Illustrated. 

TRANSFORMERS. 

By HERMANN BOHLE, M.I.E.E., 

Prof, of Blectrotecbnlos, 8.A, College, Cape Town, 

And PRbvBSSOs DAVID ROBERTSON, B.Sc., A.I.E.E., of Bbxstol^ 

CONTENTS.— General Principles.— Magnetising and No-Load Currents.— Loesdli in 
Transformers.— Iron Losses.— Copper Losses. -Temperature Rise.— Ma^etio Leaki^— 
Leakage Inductance.— Vector Diamtuns for Transformers.— Systematic Testing of Trans* 
formers.— Insulating Materials.— Examples of Construction.— Design of Transformers.— 
ApplleationB of Transformers.— Eclating and Phase-Changing Tyansfonneri.— I ndex. 
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In Large Crown Svo. Handaome Cloth. Fully IlluBtrated. 6s. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Based, 

By ARTHUR CROTCH, of the Engineer-in-Chief’s Department, O.P.O. 

Contents.— Batteries, Primary and Secondary. — Univer.'^al iiattery Working.— 
Duplex Telegraphy.— Duplex and Quadruplex Telegraphy. - Automatic 'relcgraphy.— 
Multiplex Telegraphy.— Ilie Hughes Type fainting lostrument.— The liaudotHyatem.— 
The Murray Typo Printing Telegj’aph.— Test and Battery Boxes.— Circuit Concentration, 
&c.—Ilepoateni.- Submarine Telegraphy.— Wireless Tolegiaphy. - Indkx. — List OP 
Diaohamh of Connections. 

“ This book is a pai'ticularly guud (tne . . . weean thoi-onghly rccomiuend it . . • 
a hiindy book of ready reference."- A'lecfr? cal Hevicip. 


In Large Svo. Profusely Illustrated. Ss. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, Ph.D. 

Contents.— Oscillations.— Closed and Open Oscillation Systems.— Coupled 
Systems.— The Coupling Compensating the Aerial Wire.— Tlie Receiver- 
Comparative Measurement in the Sender.— Theoretical Results and OalculationB 
m respect of Sender and Receiver.— Close- and Loose-Coupled Sender and 
Receiver. —Formulae.— The Ondameter.— Modem Apparatus and Methods of 
' Working.— Conclusion. - - Bibliography.— Index. 

I “ Wclk vnrltten ... and combines with a good deal of description a careful 

tavisiigatlon of the fundamental theoretical phenomena.'— ifafvre. 


Nineteenth Edition. Leather, Pocket Size, with 8io pages. 8s. 6d. 

A POCKET-BOOK OF . 

ELECTRICAL RULES & TABLES 

FOR THE USE OF SLECTRlCiANS AND ENGINEERS. 

By fOHN MUNRO, C.E.,^ Prop. JAMIESON, M.Inst.C.E., F.R.S.B. 

*'WoirDBRruu.v Psefect. . . . Worthy of the highest c ounmend a t i o a we can 

give i!t."’~’El*etrieum. 


GBIFFIN’S ELSOTBIOAL PBIOB-BOOK; For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. Skcond Edition. Ss. 6d. 


ELECTRIC SMELTING AND REFINING. By Dr. W. Bobchkbs 
and W. G. McMjllan. [See p. 67. 

ELECTRO - METALLURGY, A Treatise on. By Walter G. 
McMillan, F.LC., F.C.S., and W. R. Cooper. [Sjp p. 67. 

ELECTRICAL PRACTICE IN COLLIERIES. By D. Burns, M.E., 
M.lu8t.M.£. [Seep. 67. 

ELECTRICAL SIGNALUNG IN MINES. Bv Gerald J. Hooo- 
WINKEL, M.I.E.E., Ac. [In Active Preparation, 
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In Four Volumes. Crown 8uo, Fully Illustrated. Sold Separately. 

Al ELEimm TEXT BOOK OF HTBIOB. 

By R. WALLACK STEWART, D.Sc. (Lond.) 

«][JST PiTBLisilKD. Cloth. With 142 lllu.strations. Ss. *6(1. net. 

I O H T. 

CoNTBNTd. — Introductory. — Rectilinear Propagation of Light. — 
Photometry. — Reflection at Plane Surfaces. — Reflectiou at Spherical 
Surfaces. —Refraction. —Refraction through Lenses. — Dispersion. — I ndkx. 


Vol. II. With 141 Pages and 4S Illustrations, ‘is. 6d. net. 

SOUND. 

Contents. — Simple Harmonic Vibration. —Production of Sound. — 
Wave Motion. — Profiagation of Sound.— Characteristics of Sound. — llO' 
flection and Refraction of Sound. — Velocity of Sound in Air and Water.— 
Transverse Vibration of Strings.— Longitudinal Vilxration of Rods and 
Columns of Air. — I n hex. 

Other Volumes in Preparation, and which will be Published Shortly, 

HEAT. MATTER. 

In Large 8vo. With Bibliography, Illustrations in the Text, and 
Seven Plates. 12 b. 6d. 

THE HEM DENSITT OF THE EARTH. 

An Essay to which the Adams Prize was Adjudgred in 1893 
in the University of Cambridgre. 

By J. H. POYNTING, Sc.D., F.R.S. 

"Cannot fail to lie of great and general interest.”— /I /AeFuncm. 


Just PuBLisfiKU. In Crown 8vo, Cloth. Illustrated with 
. Diagnuns. 3s. net. 

THE FORCE OF THE WIND. 

By HERBERT CHATLEY, B.Sc. Enq. (Lond.), 

Piofeasor of Civil Engineering, Tong Shan Engineering Cuilege, R. China. 
Contents. — Practical Importance of Wind Pressure. — Impulsive 
Force of the Wind.— Variations in Velocity.- Stream Line Theory. — Stress 
in Stmotnrei due to Wind. — Windmills. — Train aud Motor Resistance. — 
Effect of Wind on Water.— Scouring Effect of Wind.— Index. 

In Crown 8vo. Handsome Cloth. With 22 Diagrams. 

STRESSES IN MASONRY. 

'fer HERBERT CHATLEY, B.Sc. E.no. (Lonb.). 

Contents.— Strength of Stone. — Walls. —Columns and Piers.— 
Brackets and Cantilevers. —Simple Arches.- Vaults and Skew Arches.— 
Domes. — Retaining Walls and Domes,- Artificial Stone. — Re-inforoed 
Co ncrete. —Index. 
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In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSIOS. 


By J. H. POYNTIWa, So.D., P.B.S., 

Professor of Physics, Bintiingham University, 

And Sir J. J. THOMSON, M.A., F.H.S., 

Professor of Experimental Physics in the ITniversity of Cnmbridju*. 


Introductory Volume. Fifth Edition, Kevised. Fully Illustrated. 
10s. 6d. 


^ROI»EHlTIES OE MATTER. 


Elasticity.— Stresses and 



'•We nward this book as quite Indlsponsab^not merely to teachcra lint to iihyslcwts of every 
grade above the lowest.’*- Universitv OorrupUMm. 


Volume II. 

% 


Fifth Edition. Fully Illustrated. Price 8 b. 6d* 

s O U !>• 


OoMTRHTB— The Nature of Sound and Its chief CharacteriBtics.-The 
IB -XfcSion and B.ft«tlOB of 

Motes,— Resonance and Forced OscUlatlona— Analysis of Boda^^atea 

VlbStioM of stretched Strings or Wires -Mp« 

—Membranes.— Vibrations maintained by Heat.-bensitlve Flames ana jem. nneuw 
Sand,— The Superposition of Waves.— brnicx. 

“The work . . . maybe recommended to anyone desirous of possessing an kasi 

CP-T<HDAT1 STAKDABn Tbkatisb on AeouBtt08.”—A*f wafure. 


Volume III. Third Edition, Revised. Fully Illustrated. Price 15t. 

H £1 H. T. 

SJser® n • of Heat^The Klaettc Theory.^h^ cl BtoU 

Lifljld Vapour. Critical Points. — Solids and Liquids. — Atmospheric CmditlOM.- 

SSutira^SSeory of Kxchonge8.-Radtatlon and 

Isotherm^ and Adiabatic Ohangea.— Thermodynamiifl of Changea of BUle, and Boh 

tions,— Thermodynamics of Radiation.— IHDB^ 

“Well up-toSate, and extremely clear and eiwct throughout, 
tt would be possible to make such a text-book Aoture. 


As clear \ 


Remaining Volumes in Preparation — 

LIOHT ; MAOiraTISM AWD BLBCTBICITY. 
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ANALYSTS, AND OTHERS. 

See also Davies’ Hygicfiie, p. 9^, and MacLeod’s CdUmlatumg, p. 110 General Catalogue. 

Gas Manufacture (The Chemistry of). A Handbook on the Pro- 
duction, Purification, and Testing of Illuminating Gas, and the Asuay of Dye-Pro 
ducts. By W.J.A. BUTTBRPilLi>,M.A.,F.I.C.,J^.S. With Illustrations. FouBTB 
Bpition, Revised. Vol. I., 7s. ed. net. Vol. II., in preparation. [See page 77 

Water Supply : A Practical Treatise on the Selection of Sources and th< 
Distribution of Water. By Reoinald E. Middleton, M.Inst.C.E., M.lnst.Mech.B. 
F.S.L With Numerous Plates and Diagrams. Crown 8vo. Ss. 6d. not. [Sec page 77 

Central Electrical Stations : Thi^ir Design, Org^isation, and Manage 
ment. ByC.H. WoRDrNGHAM,A.K.C.,M.I.C.B. Second Edition. 24s.net. [Seep. 4i 
Electricity Control. By LkonaRd Andrews, A.M.Inst.C.E., M.LE.E 

12s. 6d. net. [See page 40 

Electricity Meters. By Henry G. Solomon, A.M.Inst.E.K. ICs, 

net. [See page 40 

Trades* Waste : its Treatment and Utilisation, with Special Keferenct 
to the Prevention of Rivers' Pollution. By W. Naylor, F.C.S., A.M.In8t.C.E, 
With Numerous Plates, Diagrams, and Illustrations. 218. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. Witt 
some Remarks upon Cement Testing. By Gilbert Rkdqrave, Assoc.InstC.E. 
and Chas. Spaceman, F.C.S. Second Edition. With Illustrations, Analytical 
Data, and Appendices on Costs, &c. 168. net. iSee page 76 

Road Making and Maintenanee : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem nactioe 
By Thomas Aitkkn, AsBoc.M.ln8t.C.E., An. Second Edition, Revised and En 
larged. 218. net. [S^ pag/ 79 

The Principles of Sewage Treatment. By Prof. Dunbar, of Ham- 
burg. Translated by H. 'P. Calvert, M.Sc., Ph.D., F.I.C. 168. net. [See page 70. 

Light Railways at Home and Abroad. By William Hbnrt Cole, 

M.Inst.C.E., late Deputy Manager, North-Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page 80. 

Practieal Sanitation : A Handbook for Sanitary Inspectors and othen 
interested in Sanitation. By Geo. Reid, M.D., D.P.H., Medical Ofllcer, Staffordshire 
County Council. With Appendix O’e-wntteu) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Thirteenth Edition, ’Thoroughly Revised. 

[See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Franois Wood, A.M.Inst.C.E., F.O.B. Seooni 
Edition, Revised. Fully Illustmted. 88. 6d. net. [Bee page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C., Chemist to the Aylesbury Dain 
•Company. Second Edition, Revised. With Tables, Hlustrations, Ac. Handsome 
Cloth^. [Seepage:! 

Dairy Analysis: The Laboratory Book of. By H. Droop Hiohmond, 
F.I.C. Fully Illustrated, Cloth. 28. 6d. net. ’ [See page 7ft 

Milk: Its Production and Uses. With Chapters on Dairy Panning, 

The Diseases of Cattle, aud on the Hygiene and Control of Supplies. By EDWARD F. 
WILLOUGHBY, M.D. (I^ond.), D.P.H. (fond, aud C^imb.), . 6b. nek [Bee page 7ft 

Flesh Foods: With Methods for their Clhemical, Microscopical, and 
Baeteriologioal Examination. A Handbook for Medical M^en, Inspectors, Anahnta 
andWthers. Jiy C. Ainsworth Mitohill, B.A., F.LC., Mem. Council Soo. of Publk 
Analysts. With numerous Illustrations aud a coloured Plate. 10s. 6d. [See page ^ 

Foods: Their Composition and Analysis. By A. Wyntbb Bltth, 
M.R.C.8., F.C.S., Public Analjnit for the County of Devon, and M. W Hltth, 
BjA., B.80. With Tables, Folding Plate, and Frontispiece. Fifth BDmoi, 
'Thoroughly Revised. 21s. [See page 7ft 
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Demy 8 vOt Handsome oloth, 34 s. 

Stratigrapliical Geology & Palsootoli^, 

ox THE BASIS OF PHILLIPS. 

By ROBERT ETHERIDGE, F.R.S., 

■OP THB NATURAL HIST. DBPAKTMBNT. BRITISH MUSBUII, LATB PALAEONTOLOGIST TO THB 
CBOLOGICAL SURVRY OF GRRAT BRITAIN. PAST PRBSIDBNT OF THB 
CBOLOGICAL SOCIBTY. BTC 

HOUtb Aap, fiumerou0 XLMcst anb Jlhixtnmeii piatea* 

“ No such compendium of geological knoa^edge has ever been brought together be&xra.''-^- 
WtthHintttr Rtview, 

" If Prof. Sbblxy's volume was remarkable for iu originality and the breadth of its v»Wk 
Mr. Ethbridgb fUUy justifies the assertion made in his preface that his book differs in con 
attraction and detail from any known manual. . . . Must take high rank among work* 

OP RaPBRSNCR."— 

AIDS IN 

PRACTICAL GEOLOGYs 

WITH A SECTION ON PALMONTOLOGY. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fifth Edition, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth. los. 6d. 
aSNEBAL OONTENTS.— 

PART I.— Sampling of the Earth’s Crust, 
part II.— Examination of Minerals. 

PART III.— Examination of Rocks. 

PART IV.— Examination of Fossils. 

Dbsbrving of the highest praise. Here indeed are ' Aids ’ innumerable and 
INVALUABLE. All the directions are given with the utmost clearaess and precision. 
Atkmmum. 

**That the work deserves its title, that it is full of Aids/ and in the highest degree 
PRACTICAL,' will be the verdict of all who use xt.’'— Nature. 

-OPJBVr-AXR STUDISS IMF OXSOXsOOlTs 
An Introduction to Ceoloffy Out-of-doors. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see GriiHn's Introductory Science Series, p 85. 

i Crmvn tkfo. Handsome Cloth. 2 s. 6d, 

BEBEABCHES ON THE PAST AND PBESENT HISTOBY 

OF 

THE EARTH^S ATMOSPHERE. 

tnoludins the lateat Diaooveriee and their Praotioai Applioatione. 

% By dr. THOMAS LAMB PHIPSON. 

Part I. — The Earth’s Atmosphere in Remote Geological Periods. 

Part II. — The Atmosphere of our present period. Appendices; Index. 

** The book should prove of interest to general readers, as well as to meteorologists ain 
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Its Products.— Section XI. : Statutory, Municipal, and otlier Regulations relating to 
the Testing, Storage, Transi)oi*t, and TJse of Petroleum and its Products.— Api>kndic18. 
—Biblioguaphy.— Index. 

“It Is Indisputably the most comnrahensive and complete treatise on petroleum, and this 
statement is true, no matter on what branch of the industry a test of its merits is made. It is 
the only book In existence which gives the oil man a clear and reliable outline of the growth and 
preseuMay condltinn of the entire imtMleuia world. . . . There is a wonderfully complete 
collection of plates and illustratious. -Petroleum World. 


Second Edition, Revised. With Illustrations. Price Hs. bd. net.. 

A HANDBOOK ON PETROLEUM. 

FOR mPECTORS UNDER THE PETROLEUM ACTS, 

_ And for those engaged in the Storage, Transport, Distribution, and Industrial 
Use of Petroleum and its Products, and of Calcium Carbide. With 
^ggestlons on the Construetlon and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Inspector of ExploeiveL 

And sir BOVERTON REDWOOD, 

Author of “A Treatise on Petroleum." 

“ \ volume that will enrich the world's petroleum literature, and render a serrice to the 
British branch of the industry. . . . RelUhle, indispensable, a brilliant ountnantioa.”-- 
PsiroJeuni. 


In Crown 8vo. Fully Illustrated. 2b. 6d. net. 

THE LABORATORY BOOK OF MIHERAL OIL TESTIHC. 

By J. a. hicks, 

Chemist to Sir Boverton Bedwood 

Should bo on the shelves of every analytical chemist in practice ’’—Chentical Trade .Toumtd. 


In Large Crown 8vo, Cloth. Fully Illustrated 58. net. 

OIL FULL; 

ITS SUPPLY, OOMPOSmOK, AND APPLICATION. 

By SIDNEY H. NORTH, 

LATE EDITOR OF THE ''PETEOLEUM REVIEW.’' 

OoNTENTS.— The Sources of Supply.— Economic Aspect of Liquid ITuel— Chemical 
Compositiou of Fuel OUi.— Conditions of Combustion In Oil Fuel Fnmaoas.— Early 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur- 
poses.— For Naval Purposes.— On Locomotives.— For ^fetallurgical and other Purposes. 
— Appendicee. -Index. 

Everyone interested in this important questiou will welcome Mr. North’s ejmellent 
text-book.”— JTaCttre. JF 


THE PETROLEUM LAMP: Its Choice and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illuitrated. la. net, 

A work which will meet every pnipose for which It has been writteQ.”- PetroUum. 
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IMTBODXTOTIOM to the STUDY of MBTAXiLUEQY. 

By the Editor. Sixth Edition. (See p. 63.) 

GOLD (The Metallurgy of). By Thos. Kirke Rom*., 
B.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

LEAD (The Metallurgy of). By H. F. Collins, Assoc. 

R.S.M., M.Inst.M.M. Second Edition. (See p. 64.) * 

8ILVEB (The MetaUurgy of). By H. F. Collins, A.<C.S.M.,* 
M.Inst.M.M. Second Edition. (See p. 64.) 

IBpE (The MetaUurgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Third Edition, Revised. 16 b. net. (See p. 65.) 
STEEL (The MetaUurgy of). By F. W. Harrow, 
Assoc.R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 255. net. (See 
- p. 65.) 

ALLOYS AND THEIR INDUSTRIAL USES. By Edward 
F. Law, Assoc.R.S.M. Profusely Illustrated, Just 
Published, t2s. 6d. net (See p. 64). 

ANTIMONY (Chemistry, Mineralogy, Geology, Metal- 
*lvargy, &o,). By C. Y. Wang, M.A., B.Sc. Just 
Published. 12s.6d.net (Seep. 65). 
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R.S,M. 
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GBIFFIK’S METALLUEOIOAL BEBIBS. 


^ixTH Edition, thoroughly Revised and considerably Enlarged. Large 
8vo, with numerous Illustrations and Micro^Photographic 
• Plates of different varieties of Steel. 

An Introduetion to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B.. D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assayer of the Royal Mint , and Professor of Metallurgy 
in the Royal Collage of Science. 

Revised throughout by F. W. HARBORD, A.R.S.M., F.I.C. 

OKMBBAL CoMTBNTS.— The Relation of Metallurgy to Chemistry.— Physical Properties 
of Metals.— Alloys The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
—Materials and Products of Metalluinical Processes.— Furnaces.— Means of Supplying Ait 
to Furnaces.— Thermo* Chemistiy.—Typical Metallurgical Processes.- The Micro*Stnicture 
of Metals and Alloys.— Economic Con^erations. 

*' No English text-book at all approaches this in the completeness with 
which the most modem views on the subject are dealt with. Professor Austen's 
•volume will be invaluable, not only to the student, but also to those whose 
knowlet^ of the art is far advanced."— News. 


Fifth Edition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispieoe and numerous Illustrations. 21b. * 

THE lETAlLnRHT OF GOLD. 


BT 

T. KIRKE ROSE, D.Sc.Lond., Assoc.R.S.M., 

Okmiei and Aetayer af ihe Boiyal MhnL 

Gbnxkal Contbhtb.— T he ^pertles of Gold and its Alloys.— Chemistry of the 
Compounds of Gold.— Mode of Ooonrrenoe and Distrlbntton of Gold.— Shallow Plsctr 
Deposits.— Deep Plsoer Deposits.— Quarts (hmsbtng In tile Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Crushing and Amiugamatlng Machinery. 
—Concentration in Gold Mills.— Diy Crushing.— Be-ermding.— Boasting.— Chlorination: 
The Plattner Process, The Barrel ProceM, The vat-Sdlution Process.— The Qfanida 
Prooess.-~Chemlstry of the Cyanide Process.— Befining and Parting of Gold Bullion. 
—Assay of Gold Ores.— Aasay- of Gold Bullion.— Stat fstics of Gold Production.— Bibllo* 
Taphy.— INBBX. 

A gomsHiinivi PBAonoAL »Bana on this important iab]eot"-2%s Tkm. ^ 

**Thi MOST oomnjETB deierlptkm of the oBLOBmAnou ntoosss which has yet bean pub- 
ll8had."-MMiig Jetnisf. 

Adapted for all who are interested in the Gold Mining Indoetry, bring tree from teun- 
Bteriitlee ee fsr ae posriUe, but is more pertleularly of valae to thoee engaged in the 
Indnetiy."— Ttmm. 
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OBCPFIir'S KBTAUitTBaiOAIi BBBIES. 

Bditbd mr SIR W. R0BBRT8-AUSTEN, K.C.B., F.fe.8., D.C.L 
In Lwgt Bvo. ffandaome Cloth. With IlluatraiioM. 

Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

Bv H. F. COLLINS, Abboo.R.S.M., M.Inbt.M:.M. 

A Comjilete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. 

"A THOROUOHLT SOUND anti Useful digest. May with EVERT OONFiDlNOa be 
noommended."— Jfinitioi Journal. 


Sboond Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER* 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, Ac. 

" The author has focussed A large amount or valuable inpobmation into a 
oonvenisnt form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and weIl."->Ar<n<ng Journal. 


JuBT Published. With Frontispiece in Colours, and Beautiful Series 
of Photo-miorographs. 12 b. 6d. net. 

^ X4 L O "2“ S 

A.in> THEia INUtrSTBIAI. AFFLIOATIOITS. 

By EDWARD F. LAW, A.R.S.M. 

Co^BNTS. — Introduction. - Properties of Alloys. '-Methods of Investigation.'- 
CoustitatioD. '-Influence of Temperature on Properties.>-Corros{on of Alloya-'Ocpper 
Alloys, Brass, Bronzes.-'Speoial Brasses and Bronxes. -'German Silver and Misctihuieous 
Copper Alloys.— White Metal Alloys.— Anti-Friction Alloys.— Aluminliun Alloys.— 
BUver and Gold Alloys.— Iron Alloys.— Miioellaueous Alloys (Amalgams, Ac.).— Index. 
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Third Edition, Revised. With Numerous lllustratioos. Large 8vo. 
Handsome Cloth. 25e. net. 

With, Additional Chapter on The Eieotric Smelting of Steel. 

THE METALIHRGY OF STEEL. 

By F. W. HARBORD, A88OC.R.S.M., F.I.C. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 
THE MBCHANIOAL TREATMENT OF STEEL. 

By J. W. hall, A.M.Inst.C.E. 

AjuiDaso OoNnMTS.— 'The Plant, Machine^, Methods and OheiulBtrr of the Beesemer 
and of the Open Hearth ProoeNBee (Acid and &bIo).— T he Mecnanioal Treatment of Steel 
oompriaing Mill Praotloe, Plant and Machinery.— The Hifluenoe of Metalloidi, Heat 
Treatment, Special SteeiR, MioroHtmctnre. Testing, and SpeclfloatlonB. 

The Ettuniwer siiyB, at the conolniion of a review of thie book “ We cannot conelade without 
eameetly recommending all who may be Interested os makers or nsers of steeTT which practically 
means the whole of the entdneering profession, to make themselves acquainted with it as speedily 
as possible, and thia may be the more easily done as the published price, considering the site 
of the book, is extremely moderate.’’ 


Third Edition, Revised and Enlarged. With many new Plates. 

% 16s. net. 

THE lETALLHRGT OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.I.C.. 

Profeuor of Metallurgy in the Univerrily of Birmngham, 

General Confenfe.— Swly History of Iron.— Modem History of Iron— The Age of Biael. 
-Ohiel Iron Ores.— Preparation of Iron Ores. —The Blast Fnrnaoe,— The Air used in the 
Blast Furnace. — Beaotions of the Blast Fnmaoe.— The Gaseous Prodnots of the Blast 
Fnmaoe —The Fuel used in the Blast Furnace. - Stags and Faxes of Iron Smelttnc.- 
Properties of Oast iron. — Foundry Praotioe. — Wronght iron. — Indirect Prodnotion of 
Wrought Iron.— The Puddling ProoeM.— Further Treatment of Wrought Iron. -Corrosion 
of Iron and Steel, 

**A THORouoHLT USEFUL BOOK, wbtcb brings the rabieci ur to uaih. Of 
orkai Taluk to those engaged in the iron indust^.**— Journal, 


*#* For Professor Turner's Lectures on Iron- Founding, see page 68 


Just Publishkd. In Large Svo. Handsome Cloth. Fully Illustrated. 
128. 6d. net. 

AL ET T I M O Y : 

Its History, Obemlstry, Mineralogy, Geology, Metallurgy, and 
Preparation. Analysis, Production and Valuation. 

By C. Y. WANG, M.A., B.Sc., 

Hem Am. Inst Hluing Eug. ; Mem. Iron and Steel Institute ; Mining Engineer to 
the Chung LOU General Mining Company; Oeulc^t for the 
Hunan Province, China, do., dc. 
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Tf.nth Edition. With Tables and Illustrations. Cloth, los. 6d. 

A TEXT-BOOK OF ASSAILING: 

for tho UM of StudooU, KIm Ktwagen, Aotayoro, do. 

Bv J. J. BERINGER, F.I.C.. F.C.S., ’ 

Public Analyst for, and Lectum to the Mining Association of, ComwalL 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

GaMBEAL Contents. — Part 1. — iNoatoDUCTORY ; Manipulation: Samplius ; 
Drying: Calculation of Results— Laboratory-books and Reports. Methods: Dry Cravi- 
OMtnc: Wet Gravimetric— Volumetric Asuys: Titrometnc, Colorimetric, Gaiometric— 
WeigUng FtwmnlM, Equations, &c.— Specific Gravity. 

Part II.— MsTALsTDetection and Assay of Silver, Gold, Platinum, Mercury. Copper, 
Lead, Thallium, Bismu^ Antimony, Iron, Nickel, Cobalt, Zinc, Cad m iu m, Tin, Tungsten, 
Titanium. Manganeser^nromium, sc. — Earths, AUcalies. 

PaS III^oh-Metals:. Oxygen and Oxid^; TJe Haloge^Sidphur and Sul* 
phates— Arsenic, Phosfdionis, Nitrogen— Silicon, Carbon, Boron— U^ul Tables. 

“A RRAU.V MERITORIOUS WORK, that may be safely depended upon either for systematic 
instruction or for reference.* —ATaAwv. . . . _ „ . 

"T^ work is one of the best of its load. —Etititutr. 


In Crown 8vo. Handsome Cloth. Fully Illustrated. Ss. net. 

AN INTRODUCTION TO 

PRACTICAL METALLURCtY. 

By prof. THOMAS TURNER, A.RS.M., F.I.C., 

Professor of Metallurgy In the University of Birmingham. 

CoNTKNTS.— Introduction.— Sanipliiig and Weighing.- Metals and Alloys.— Oxidation 
and Reduction.— Examination of Fire Clay.— Slags and Fluxes.- Examination of Fuel.— 
Iron Ores.— Determination of Muflle Teraperatui’es.— Silver and Silver Assay.- Assay of 
Sliver Bullion,— Assay of Silver Ores.— Gold Assay.- Assay of Gold Ores.- Pi’opertles 
of Mercury. — Micro-Structure of Metals.— Iron and Steel. — Electro-Deposition. — 
Appendix.— Index. 

“It is an excellent and handy book for Its punw^e, and will have a far wider range 
of-Hsefulness than for class work alone.”— ProcMcaf Engineer, 


Fourth Edition, Reomd, With Nwmtoub lUuttnUionn. 6s. 

A TEXT-BOOE 07 

ELEMENTARY METALLURGY. 

Inolnding tiie Author*! Pbaotioal Labobatobt CouBSit 
By a. HUMBOLDT SEXTON,* F.LC.^ F.O.S., 

ProfMBor of Metallurgy in the Glasgow and West of SeoUand Teehnkal OoUeg*. 
Gunbral Contbntel— Introduction.— Properties of the Metals.— Combus^n.-FU^ 
— Refracwy Materiala—Fmnaces.— Occurrence of the Metals in Nature.— Preparation 
of the Ore for the Smelter.— Metallurgical Processes.— Iron,— Steel.— Copper.— L^i— 
71nc and Tin.— Silver. -Gold.- Mercnary.-Alloys.- Applications of HlbotrioitT to 
Metnllttigy.— Laboratory Course. ...... . « 

•' Jnst the kind of work for Students coNNERCuro the study of Metallurgy, or for EvaiMRiRiMO 
Students. ’’—Pracffool Engineer. 
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In Large 8vo. Handiome Cloth. Price 4i. 

PNTITATIYE METALLUR6ICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF ••CROUP** SEPARATIONS. 

By. J. JAMES MORGAN, P.O.S., M.8.O.I. 

“ 'ilie Author may be ooHaRaToi.AT£D on the way hie work hae been carried oni*'- 
Tht Enginm. 


Third Edition, Beviaed, Enlarged, and Re*written. 

A TREATISE ON 

ELECTRO-METALLURGY; 

Embracing the Application of Eleotrolysia to the Plating, Depoeiting, 
Smelting, and Refining 0 ! variotte Metals, and to the Bepro- 
dnction of Printing Snr&oes and Art- Work, Ac. 

BY 

WALTER G. MCMILLAN, F.LC., F.C.S., 

Late Lecturer in Metallurgy at Maeon CMege, Birmingham, 

Thoroughly Revised by W. R. COOPE^. 

" Excellent, . . . one of the best and most complete manuals hitheito published 
on Electro-Metallurgy .”— Review (on the Second Edition). 


% 

Second Edition, Thoroughly Reviaed and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 21 b. ntt. 

ELEOmiO SMELTIM & REPira&; 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the Elektbo-Metallubqie ” of Dr. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. M”MILLAN, 
F.I.C., F.P.S. 

CONTENTS. 

Part L—Alkalies and Alkaunx Earth Metals: Maenesium, 
Lithium, Beryllium, Sodium, Potassium, Caloinm, Strontium, J^rinm, 
the Carbides of the Alkaline Earth Metals. 

Part II.— The Earth Metals: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part IlL— The Heavy Metals : Copper, Silver, Gold, Zino and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Ghrominm, Molybdenum, 
Tungsten, tfranium. Manganese, Iron, Nickel, Cobalt, and the Platmnm 
Qnmp. 

** COXPRBBINSIVB tnd AVTHOBITATTVII ... not Only ITULL Of VALUABLE INf OB* 
MATIon, but givee evidenueof a THOBOUOH nrsiOHT Into the technical JKALUI and 
roesDHUTlBB of all the methodi dlBcuMed.”— TAe IReetrieian. 

" D: , BOEOHEBS’ WILL-KNOWN WORK . . . miUt OF NBOESSITT BE AOQUIBED by 
every one toterested in the inbiect. EX(BBllbntlt put Into Xngliab with additional 
matter by Mr. M<Millab.”- .Mature. 

" Will be of gbbat SBBViaR to the practical man and the Student."— SlMtrio Smelting. 
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In Medium, 8vo, ffandsome Cloth. Fully Illustrated. Ids. 7iet. 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for Iron, Steel and Braae FouSdere, 
Metallurgieta, and Studenta of Metallurgy. 

By a. M«WILLIAM, A.R.S.M.. and PERCY LONGMUIR. 


i;0NTVNTB.— Introduction.— General Properties of Matter.— Moulding Sands.— PaclUii 
Sands and Facings. — Foundry Tools.— Moulding Boxes. — Handling Material in tlw 
Foundry.- Open Sand Moulding.— Cores.— Elementary Aspects of Moulding.— Green 
Sand Moulding. -Securing Cores lii Moulds.— Moulding fram Guides.— Bench, Oddside, 
and Plate Moulding.— Machine Moulding.— Dry Sand Moulding —Loam Moulding.— 
Chill Casting.— Casting on other Metals.—Bnming.— Weighting and Binding Materials. 
— Slurinkage, Contraction, and Warping.— Dressing Castings.— Common Faults due tc 
Mould and Pattern.— Malleable or wrought Iron, Steel ana Malleable Cast Iron.— Casi 
Iron.— B^fractory Materials.- ITuels and Furnaces.— Mixing by Analysis.— Kemelting.- 
Working the Cupola.— Further Treatment o£ Cast Iron.- High Temperature Measure 
ment— Steel. — Notes on Metals other than Iron.- Alloys.— Mechanical Testing. - 
Micrographio Analysis.— Common Faults.— Foundry Management.— Imphx. 

“ The student of foundry work . . . needs no other text-book. . . . The booli 
containB a tremendous amount of information, and is well written.'*— Hnpinrertng Timet 


Kxtra Crown 8w. With 48 lUuslraiiomt. 3s. 6d. net. 


LECTURES ON IRON-FOUNDING. 

By THOMAS TURJ^ER, .Vl.Sc., A.R.S.M., F.LC., 

Professor of Metallurgy in the University of Birminghan.. 

CONTUNT:!.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro 
dnetion.— Iron Ores.— Composition.- The Blast Furnace.— Materials. — Reactions.- 
Grading Pig Iron. — Carbon. Silicon, Sulphur, Phosphorus, Manganese. Aluminium 
Arsenic, Copper, and Titanium.— The Foundiy.— General Arrangement.— Re-meltini 
Cast Iron. — The Cupola. — Fuel Used.— Changes due to Ee-meltlng. — Moulds an: 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature. -Common TrouHIBB.- 
Influeuce of Shape and Size on Stren^h of Castings.— Tests. 

“ Ironfoundera wilt And much Information in the book.*'— /ron Trade Cireula\ 
RyUmd's). 

In Larye^ito, Library Style. Beautifully Illustrated with SO Plates^ mani 
tn Colours, and 94 Figures m the I'ext. £2, 28. net. 

PRESCIOUS STONSS: 

Theip Px^opepties, Ooouppenoes, and Ubob. 

A Treatiae for Dealera, Manufacturera, Jewellera, and for a/I 
Collectora and othera intereated in 6ema. 

By De. max BAUER, of the University op Marburg. 

Translated by L. J. SPENCER, M.A. (Cantab.), P.G.S. 

“ 'ilie plates are remarkable for their beauty, delicacy, and truthfulness. A glance a 
* them alone is a lesson on precious stones, whilst the perusal of the work itself ihoul: 

add a new interest to any casket of Jewels or cabinet of gems, or even to a Jewellen 
. window."— AtAenouifi. 


In Lonrge Crown 8vo. With Numeroui lUwtrationt, Ss, Sd, 

ART OF THE COLDSMTH AW) JEVRUER 

A Manual on the Manipulation of Gold and the 
% Manufacture of Personal Ornaments. 

By TH08. B. WIGLBY, 

Headmaster of the Jewellers and Bilvenmiths' Aisoo. Teofa. School, Birmingham. 

Assibtbo bt j. H. STANSBIE, B.8o. (Lorn), F.I.O., 

LwtBrer .t tea Blimlagfaam Manlctp.J iMbnlotl BohwiL 
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Enamelling^ on Iron and Steel, 

. .1. GkUnwald, . 
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. . Zkkr, Eubenoamp, Mayer, 
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. . G. H. Hurst, . 
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CHARLES QRIFFIN <k C0:S PUBLICATIONS. 


Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MANUAL 07 • 

INORGANIC CHEMISTRY. 

By a. DUPrI Ph.D., F.R.S., . 

And WILSON HAKE, PhD., F.I.O., F.C.S., 

Of the Wettmintter Hospital Medical School 
“Ah hxamplb or the advaktaqbs or the Systematic Theatmeht of a Science 
over the fragmentary style so generally followed Bv a loko wav the best of the small 
Manuals for Students."— 


In Handsome Cloth. With nearly 50 Illustrations. Ss. 6d. nei. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M.A., Ph.D., P.I.C. 

WITH A PREFACE BY 

Sir william RAMSAY, K.C.B., P.R.S. 

Contents.— The Beaker and its Technical Equivalents. —Distilling Flasks, Liebig's 
Condensers.— Fractionating Tubes and their Technical Etiulvalents.- The Air-Bath and 
Its I'echnical Equivalents.— The Blowpipe and Crucible and their Technical Equivalents. 
—The Steam Boiler and other Sources of Power.— General Remarks on the Application 
of Heat in Chemical Engineering.— The Funnel and Its Technical Equivalents.— The 
Mortar and Its Technical Equivalents.— Measuring Instruments and their Technical ■ 
Equivalents.— Materials Used In Chemical Engineering and their Mode of Appl^tion.— , 
Technical Research and the Designing of Plant.— Conclusion.— Chemicals and Materials. 
-INDEX. 

“Excellent. . . • Ever/ student of chemistry attending a technical course should 
obtain a copy . ' — ChetweeU iVsiw. 


lABOBATOBT HANDBOOKS BY A. HUMBOLDT SEXTON, 

proMNor .t HMsUorgy In the OLhcow .nd Wwt ol Seotiud TMhiilo.1 Don.,.. 

"outlines of quantitative analysis. 

FOR TER USB OF STEDBST8. 

With Hlaitrfttioiu. Fifth Edition. Crown Svo, Cloth, 8i. 

** k ooMrAor LABORATORY ouiDB foT begumers was wanted, and ithe want has 
bean WUL aumjro. ... A good and uaefhl book.”— JkmoM. 

OUTLINES OF QUALITATIVE ANALYSIS. 

FOR TER U8R OF 8TUDRRT8. 

• With Uluatrfttlons. Fourth Edition, Revised. Crown Svo, doth, .Sa. 6d. 

** The work ol a thoronghly practioal chemist. Medkal Jowrwd. 

** 04%pUad with great oare, and will supply a want.”— Journal of BdueaHon. 

ELEMENTARY METALLURGY: 

inolnding the Author’s Practical Laboratory Courae. 

^ ikaji Tt. nil. 
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In Two Vote., Large 8vo. With llliuitrationB. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BERTRAM BLOUNT, F.I.C., k A. G. BLOXAM, F.I.O. 

VOLUME I.-Chemlstpy of Engineering. Building, and Metallurgy.-Uewrai 

Contenift— iNTRtJUUCTiON.— Chemistry of the Chief Materials of Coiistruotion.- 
•SuitrcoB of Ene>‘}?y.— Chemistry of Hteam'raisiug.— Chemistry of Lubrication and 
Lubricants.- Metal luiiifical Pi-oceases used in the Winning and Manufacture of 
Metals. Price 10s. 6d. 

VOLUME lI.“The Chemistry of Manufacturing Processes.— Contend. - 
hulphuric Acid Manufacture. —Alkali, &c. —Dostmetive Distillation. — ArtlilclHl 
Manure.— Peti'oleum.— Lime and Cement— Clay and Glass. — Sugar and Btarch.- 
Bre^ng and Distilling.— Oils, Eosins, and Vanishes.— Soap and uandles.— Textiles 
and Bleacliing.— Colouring Matters, Dyeing and Printing.— Paper and l^uteboard.- 
Pigments ami Paints.— Leather, Glue, and Size.— Explosives and Matches.— Mi nor 
Manufactures. Seconu Edition, TlioroughlyKevised. Illustrated. 16s. 


Second Edition. In Large 8vo. Handsome Cloth. With 8oo pages 
and 154 Illustrations. 25s. net. 

. OILS, FATS, BUTTERS, AND WAXES : 

wm mPARATtON AND PROPERTIES, AND NANUFAOTURE THERE- 
FROH OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc., F.R.S., 

Late Lectum on Chemistry, St. Mary’s Hospital Medical School ; Examine* 
in ** Soap ” to the Gty and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

" Will be found absolutely indispensable. TJu Analyst. 

"Will rank as the Standard English authoeitv on Oils and Fats for iiiai>> 
rears to come.”— andiron. 


In Two Valumos,, Half Morocct,, each complete in itself 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physicists, Chemical Manufacturers and 
Scientific Chemists. 

Voiome 1.— Chemical Engineering, Physical Chexnistary. 24b. net. 
Yolnme XI.— Chemical Physics, Piore and Analytical Chemistry. 

[Shortly. 

By JOHN CASTELL-EVANS, F.t.C, F.CS., ** 

Lecturer on Inorganic Chemistry and Metailui^ at the Finsbury Technical Colkige. 

The Work oomprdiends as fiur as possible all hulbS and tables required by the 
AnalyM;, Brewer, Distiller, Add- and Alkaii-Manu&cturer, &c., &c. ; and also the prin- 
cipal data in THEmto-CHEMisTEV, £LECTBO*CxEMi8TEy, and the various branches oi 
Chemical Phtbici. Every poariUc care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigadons. 
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0HARLB8 GRIFFIN dt 00.^8 PUBUQATI0N8. 


Sixth Edition, Thoroughly Revised. Fully Illustrated. 

FOODS: THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S.. 

BarrlBter-at*Law, Pnbllo Analyst for the Co&nty of Devon, and 
Medical Officer of Health for St Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

OKNKKAL CoNTMNTS. “History of AdiilterBtiun.—Legislatioii.—ApparatUH.—“ABli.”— 
Sugar.—Confectionery.— Honey.— Treacle.— Jams and Preserved Fruits.— Starches.— 
Wheaten-Flour.— Bread.— Oats.— Barley. — Kye. — Bice. — Maize. — Millet.— Potatoes.— 
Peas.— Lentils.— Beans -Milk.— Cream.— Butter.— Oleo-Margarine.— Cheese.— Lard.— 
Tea.— Coffee.— Cocoa and Chooolate.—Alcohol.—Brandy.—Uum.—Whisky.—Qin.— 
Arrack.— Liqueurs.— Absinthe.- Yeast. — Beer.— Wine.— Vinegar.- Lemon and Lime 
Juice.— Mustard.— Popijer.— Sweet and Bitter Almonds.— Amiatto.—Oilve Oil.— Water 
Analysis.—Appendix : Adulteration Acts, Ac. 

A new edition of Mr. Wynter Blyth’s Standard work, imaonn wran all tbx aacavv 
DisoovRiiia Atm mPBOViureiirTe, will be accepted as a boon. ’’—CAemieal Rtm. 


Fourth Edition, Thoroughly R«vued. In Large 8vo, Cloth, with 
Tables and llluBtrations. 218. net. 

POISONS : THEIR EFFECTS AND DETE&TION: 

Bt a. wynter BLYTH, M.R.C.S., P.I.O., F.O.S., 

Barrister-aULaw, Public Analyst for the CounW of Devon, and 
Medical Officer of Health for St Marylebone. 

Gknkral Contbmth.— I.— Historical Introduction. II. -Classillcation— Statistics- 
Connection between Toxic Action and Chemical Composition— Life Tests— General 
Method of Procedure— Tlie Spectroscope— Examination of Blood and Blood Stains. 
III.— Poisonous Oases, lY.— Adds and Alkalies. V.— More or less Volatile Foisonous 
...Substances. VI.— Alkaloids and Poisonous Vegetable Piinoiples. VII.— Poisons derived 
from Living or Dead Animal Substances. VIIL— The Oxalic Acid Group. IX.— 
Inorganic Poisons. Appendix: Treatment, by Antidottss or otherwise, of Cases of 
Poisoning. 

** Undoubtedly thi hosi ooiiruni woax on Toxicology In our language."— Tkc Amlvet. 

“ As a paAoncAi emoi, we know vo imaa work.”— 2’A< Lancet (on the Third JCditumi 


Crown 8vo, Handsome Cloth, Fully Illustrated, los, 6d 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bioterlo- 
^ logical Examination. 

4 Praotioai Handbook for Modioat Ben, Anaiyeta, Inapeetora and oikm* 

By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

“ A compilation which -wfll be ouMt useflil for the class for whom it li lnteaded."-^dkM«Ma. 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIBY MANA0EB8, CHEMISTS, AND ANALYSTS 
A Practical Handbook for Dairy Chemists and others 
having Control of Dairies. 

Bv H. DROOP RICHMOND, F.I.C., 

CHEMIST TO THE AYLESBURY DAIRY COMPANY. 

Conienis.—l. Introductory.— The Constituents of Milk. II. The Analysis ol 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sknitaiy Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk ol Mammals other 
than the Cow.— Appendices. — ^Tables. — Index. 

. . . In our opinion the book is the best contribution on the subject that 
HAS YET APPEARED ill the English language."— Laxcet (on the First Edition). 

Fully Illustrated. With Photographs of Various Breeds of Cattle, Ao. 
6s. net. 

MILK; ITS PRODUCTION d USES. 

With Chapters on Dair^ Farming, The Diseases of Cattie, and on ths 
Hygiene and Control of Supplies. 

• By EDWARD F. WILLOUGHBY, 

♦ ^ M.D. (Lond.), D.P.H. (Lond. and Camb.). 

“ W« uoidially reconnneud it to everyone who has anything at all to do with milk."— 
Dairy World. 

In Crown 8vo, Fully Illustrated. 2 s. 6d. net. ^ 

THE LABOBATOHT BOOK OF 

DAIRY ANALYSIS. 

By H. DROOP RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., Ltd. 

‘‘ Without doubt the best contribution to the literature of its subject that has ever been 
^nttea. — Medical Times. 

In Large Grown 8vo. Cloth. Fully Illustrated, is. 6d. net. 

ELEHEMTASY MCDlTURil CHEMISTRY. 

By HERBERT INGLE, B.Sc., F.LC., F.C.S, 

Contents.— I ntroduction.— The Atmosphere.— TI il Soli,— Natural Waters.— The 
Plant.— Manures.- OroiM.— The Animal.— Foods and Foodlng.— The Dairy.— Miscel- 
laneous.— I ndex. 


At Pbxss. lu Crown 8vo. Handsome Cloth. IHustrated. ^ 



By JAMES CLARK, M.A., D.Sc., A.I1.0.S., 

Principal of the Academy, Kilmarnock. 
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CHARLM QRIFFIN A G0:8 FOBL10ATI0JH6, 


In Large 8vo. Handsome Cloth. 

AGRICULTURAL CHEMISTRY AND ANALYSIS ; 

A PRACTICAL HANDBCOK FOR THE USE OF ACRiCULTURAL STUDENTS. 

By J. M. H. MUNKO, D.Sc., F.I.O., F.C.S., 

ProfBBRor of Chemistry, Downton College of Agricuitnre. 

[In PreparcUitm, 


In Large 8vo. Complete in Two Volumes. 

Each Volume Complete in ludf^ and SoUl Separately. 


TECHNICAL MYCOLOGY 


The Utiiiaation of Micro-organisme in the Arte and Manufactmea. 

By Dr. FEANZ LAFAR, 

ProL of Fermenution-Phyalology end Bacteriology In the Technical High School, Vienna 
TrANSLATKI) by CHARLES T. C. SALTER. 


VoL L-SCHIZOMYCBTIC FERMENTATION. 
VoL I1.-BUMYCETIC FERMENTATION. 


NOIE.—Part I. uf Yol. IL woe iaenod aoparntely at 7a. 6d. Cupica of Part II., 
Vol. 11., have, therefoi'e, boon bound up to enable those ikossesBlng PaH I. to complete 
their copies. 

‘^The drat work of the kind which can lay claim to oompleteneaB in the treatment of 
a rasdnatlng anbjeot. The plan is admirable, the olaseifloanou simple, the style is good, 
and the tendenoy of the whole Tolome is to convey snre information to the reader."— 
iMtCtL 

Crown 8vo, Handsome Cloth. -With Diagrams. 78. 6d. 4let. r 
[Companion Volume to FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

Bt OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

0. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 

*'For wealth of detail, we have no small work on Tozlnes which equals the one> 
nnder review. "--Ifedtcaj Ttines 


In Crown 8vo, Handsome Cloth. Price Ts. 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text‘book on the Chemistry and Phyaios of Fermentative Changes,. 

By OARL OPPENHEIMER, Ph.D., M.D. 

Translatid by C. AINSWORTH MITCHELL, B.A., PXC., F.C.B. 

, ABsmED CtoniNm—Iatroduotion. —Definition.— Cbemieal Nature of FetmenU.— • 
Infinenoe of External Factors.— Mode of Action.— Pl^aiologioal Action.— Seorethm.— 
lmp(LA&oeof Fsnnenti to Vital Action.- Proteolytic Ferments.— Trypsin.— Baotei^Wt ' 
MO flnmolytio Ferments.— Vegetable Ferments.— Ooagnlating Ferments.— Sa^iuirRylng ’ 
'Fsnnents.— Diastases.- Folysaooharides.—Enxymes. — Ferments whi^ deoemFMt- 
Glnooildes.— HydrolTtlo Ferments.— Lactic Add Fermentation.— Alcohdie Fktmenta- 
tlOtt.<4Uology of AloohoUc Fermentation.— Oxydases.— Oxidising Fennentadon.— Mhli- 
ography*— iMBix. 

Sooh a verttabie muUum in jjorw has never yet appeared."— Frswirs* Journal. 
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Third Edition. In Handsome Cloth. Eully Illustrated. 21 b. net. 


PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 
By WALTER J. SYKES. 


Revised by ARTHUR R. LING, F.I.C., F.C.S., 

* Editor of the Journal of the Institute of Brewing. 

Contents. -Physical Principles Involved.— The Chemistry of 
UicroBCope. — Vegetable Biology. — Fermentation. — Water. — Barley 
Arrangement of Brewery Plant.-^uantitlea of Materials.— Fermentatii 
—Finings.— Characteristics of Beer.— Diseases of Beer.- Index. 

A thorough and comprehensive tcxt*book . . . iip-Dj-date ... a standard 
text-ljook.”---Bi’eJt'cr^ JowtkU. 


Brewing. —The 
md Maltinff. ~ 
Q.— Antla^ios. 


In Crown 8vo. Handsome Cloth. Fully Illustrated. Cs. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 

And FREDERICK T. GISSING. 


(iBSKUAL CoKTKKTS.— lutrodoction.— The Formation of Peat.— Area and 
Principal Countries.- Mannfacturoof PeaU<’ael. &c.-{^t Peat, Dodged Peat, and 
Peat.-Maohlnory employed n the Manufacture of Peat Fuel.-Peat Moss Utter, and the Machinen 
SpW”dln its SanuWiiro.-Peat Charcoal and its Manufacture “Cost of maklM Peat Fuel an^ 
Charc^l.— Other Productions derived from Peat, such as Tar, Maniii-e, Candles, Dyes, Paper, &e. 

— Bl BLIOOEirnY.— iHDliX. 

“ The treatment througlumt is clear and interesting . . . excellent plates. -~Wnoineeri»g. 


'^’'oiiiiMinlon Volume to the alnivo. In Crown 8vo. Handsome Cloth. Fully Illiistratad. 

. ^COMMERCIAL PEAT: 

Its Uses and Its i^MWibilltles. 

By F. T. GISSING, 

.lohit Author with P. it. Bjoumno of “Peat; Its I'se and Manufacture.” 


In Medium 8vo, Handsome Cloth. Fully Illustrated. I2s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKING FIBRES. 

With Selected Tables fop Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

Exceedingly instructive and particularly useful." — Pa^er Makers Monthly Joumml, 


In Crown 8vo. Handsome Cloth. With 80 Illustrations. 68. net. 

THE CLAYWORKER’S HANDBOOK. 

An Epitome of the MateHala and Methode emploaed In Brickmaking and Pottery. 
By m author or “THE CHEMISTRY OF CLAYWOEKING," Aa 
Hnmi. OonB.t.._lfctoriJ. ®*i ‘ 

k Hinges, Genera 


— Bettlae or CbarginSi Transport— Kllos.-Wrlng.—DlscharirinL. — 

and Testa Analysis and Control.— BiBUoaEArar.-^ABUia- Indbx. 

“We can thoioughly recommend this handy little book to all our re 
Pot Urp Tradu' Jownol. ’ • ■ 
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CHARLES QRIFFIN d: 00/S PUBLICATIOHS, 


In liarge 8vo. Cloth. With 147 Illustrations. 158. net. 

A MANUAL OF , 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prop. DUNBAE, 

, Director of the Institute of State Hygiene, Hamburg.^ 

BNaLiSH Edition by HARRY T. CALVERT, M.Sc., Ph.D., F.I.C., 
Chief Chemical Assistant, West Biding of yorkshire Bivers Board. 
CoNMNTS.— Growth of Biver Pollution.— Legal Measures taken by Central and Local 
Authorities.— Blse and Development of Methods of Sewage Treatment.- Earlier Views 
on Methods of Treatment.— Characteristics of Sewage. ■'•Objects of Purlllcatlon Works. 

— Methods for the Bemoval of Suspended Matters.— For the Removal of Putrescibllity.— 
Disinfection.- Supervision and Inspection of Works.— Utility and Cost- I npkx. 

Beautifully Illuatratedf with Numerous Plates^ DiagramSt and 
Figures in the Text. Sis. net. 

T R A D E S' WASTE: 

ITS TEBATMBITT AND UTmtSATIOBT. 

Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 

Bt W. NAYLOR, F.O.S., A.M.Inst.C.B., 

Chief Inspector of Rivers, Ribble Joint Committee. 

“ There is probably no person In England to-day better fitted to deal rationally with 
simti a BabJeot.*’»BrttffA S<MiHarian. 

In Handsome Cloth. With 59 Illustrations. 6 b. net. Ct 

SMOKE JLBiLTEMEKT. ° 

A Manuai for the Use of Manufacturers, Inspectors, Medical Officers of^ 
Health, Engineers, and Others. 

By william NICHOLSON, 

Chief Smoke Inspector to the Sheifleld Corporation. 

“We welcome such an adequate statement on an Important subject.”— BrifiiA 
Msdioal Journal. 

Second Edition. In Medium 8 vo. Thoroughly Revised and Rewritten. 

^ 15s. net. 

CALCAREOUS CEMENTSs 

THEIR MATURE. PREPARATIOM. AMD USES. 

Wttla moan* Stonmaavlm lapon Cesunasaat 

By gilbert R. REDGRAVE, A^. Inst. C.E:, 

Assistant Secretary for Technology, Board of Education, South Kenrington, 

And CHARLES SPACEMAN, F.C.S. - , 

*' We can thoroughly recommend it as a first-class investment,”— Etiftneer. 

In Handsome Cloth. ■ ss. net, 

A HANDBOOK FOR CEMENT WORKS’ CHEMISTS. 

• By frank B. gatehouse, F.C.S. • 

GhnSkal CoNTtNTS.—Introduction.— Chemicals and Apparatire.--‘l^ks.— Analysis-.and 
CaicAilstinu* of Raw Materials. — Analysis of Fue}, Kiln Gases, Lubneants and Water.— 
Cement Analysis. — Gypsum, Plaster, &c., Burnt Lime.— A ppendicIcr, — iNnix. 

•‘Will be ofgrest use in Cement Works.”- ^ ^ - 

“Condse . * . excellent . . . a u-scful addition l«» Cement Literature.”- Cenrrffr. 
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With Four Folding Plates and Numerous Illustrations. Large 8vo. 

8s. 6d. net. 

WATER SUPPXiY: 

A Ptaotleal Trvatise on the Selection of Sources and the Distribution of Water. 

Br REGINALD K. MIDDLETON, M.1nst.C.E., M.Inst.Mkoh.B., P.8.I. 

ABRinaBD CoNTBNTS.— Introductory.— llequirements as to Quality.— Bequirementi 
u to Quantity.— Storage IleaorvolrB.—Purra<»tion.— Service Beservoln.— The Flow 
of Water through Pipes. - Distributing Systems. — Pumping Machines. — Special 
Bequlrements. 

“As a companion for the student, and a constant reference for the technical man, we 
anUeipate it will take an important position on the iKKtkshelf.”— Proetteaf Engineer. 

In Large Crown 8vo. Fully Illustrated. In Two Volumes. 

Volume i. Fourth Edition. Price 78. Gd. net. 

• • II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

OILS manufacture: : 

A Hand-Book on the Production^ Purifloation, and Testing of Hiuminating 
Bob, and the Assay of the Bye-Products of Qas Manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., P.O.S.. 

Fcmiorly Dead Chemist. Qm Works, Beckton. London. B. 

“ The BEST WOBR of its kind which we have ever had the pleasure of 
viewing.”— i/owmoi of Oae Lighting. 

With Diagrams and lilastrations. 58. net. 

^ ACRTYUERR: 

TBDS PRINOIFLSS OF ITS GENERATION AND USE. 

By F. H. LEEDS, F.I.C., F.O.S., 

Member of the Society of Public Analysts and of the Acetylene Assuqlation; 

Ajiix W. j. ATKINSON BUTTERFIELD, M.A., F.I.O., P.C.8., 
Consulting Chemist, Author of ** The Chemistry of Gas Manufacture." 

' ‘ Brimful of Information."— C/*«w. Trode Journal. 

We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
. procedure, and to the student as a safe and certain gtdde."— Acetylene. 


Large 8vo. Handsome Cloth. Price IBs. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, Investigation, and Preoentlon of Fires and Exploetone. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 
By C. T. C. SALTER. 

Abbudoed General Contents.— Fires and Explosions of a General Oharaoter — 
Dangers arising from Sources of Light and Heat— Dangerous Gases.— Bisks Attending 
Spedid Industries. — Materials Bmployed.— Agricultural Products.— Fats, Oils, ana 
Besins.— Mineral Oils and Tar.— Alcohol, Ac.— Metals, Oxides, Acids, d».— ^hintng 
Ignition Appliances, Ilreworks. , ' 

*'Thb ^atk affords a wealth of information on the chemistry cff fire and kindred 
topics."— Firs wid Water. . 

A complete and useful survey of a subject of wide Interest and vital importance."— 
Oil ofwl CoUmrntan's Journal. 
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Fourteenth Edition, Thoroughly Revised. The Appendix on Sanitarj 
Law being Entirely Re-Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR 8ANITARY INSPECTORS AND OTHER 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D-RH.’, 

NtlitWt Mtm. Ceuncilj and Examintr, Sanitaiy Imtitutf of Croat Britain, 
and Modical Officor to tho Siaffordohiro County Council. 

TmUb an BppenMx on Santtarp Xaw. 

By HERBERT MANLEY, M.A., M.B., D.P.H., 

Barrisirr-at-Law. 

Gknkxal. Contents.— Introduction. — Water Supply: Drinking Water, Pollution 
Water.— Ventilation and Warming.— Principles of Sewage Removal.— Details of Drainag 
Refu.se Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — Details 
Plumbers* Work.— House Construction. — Infection and Disinfection.— Food, Inspection C 
Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit fur Human Food.— Append! 
Sanitary Law ; Model Bye-Laws, (v c. 

•* A VERY USKPUI. HANOnooK, with a very woeful Appendix, We reconiinend it not only to SaNH AI 
.IN.SPECTORS, but to HoUSEHOLDEkS and ALI. interested in Sanitary Matters. ’— Rtcord. 


In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. .ncor. Aasoc. Mun. and County Engineers; Surveyor, Wombwell, Yorks. 

Contents,— Water Supply.— Ventilation,— Drainage,— Sanitary Building Constru^oii. 
Infectipus Diseases.— Food InsMction.— Duties of an Inspector of Nuisances and Comm 
Lodging-Houses.— Infectious Diseases Acts. — factory and Workshop Acts.— Housing 
the Working-Classes Act. — Shop Hours Acts. — Sale of Food and Drugs Acts. The Mi 
garine Acts.— Sale of Horseflesh, &c.. Rivers Pollution.— Canal Boats Act.— Diseases 
Animals.— Dairies, Cow.sheds and MiIkshop.s Order.— Model Bye-Laws.— Miscellaneous. 
Index. 

“Accurate, reliable, and compiled with coneweness and c,ost."'"Sanitary Record. 


Second Edition, Revised. - In Crown Svo. Handsome Cloth. Profuse 
Illustrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A Praotioat Manual of Town Drainage and Sewage and Sefuee Dlepoec 
Per SanKary Authoritliei Infftneers, Inepeetore, Arahlteots, 
Oofitraotore, aial Studenta. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lancs. 

aONEBAL OONTENTS. 

* IntroducUon.— Hydraulics.— Velodty of Water in Pipes,— Earth Pressures and Retainii 
Walls.— Powers.— House Drainage. - Land Drainage.— Sewers.— Separate System.— Sewa 
Pumping.— Sewer Ventilation.— Drainage Areas.— Sewers, Manl^es, &c.— Trade R^>e. 
Sewage disposal Worits. Bacterial Treatment. — Sludge Dupo^. — Construction m 
Geansin^ Sewers.— Ridiise Disposal.— Chimneys and Foundations. 

" The volume brhtlea with infonution which will be greedily read by those in need of asdttaiice. T 
book It one that ought to be on tlie booktheiws of every practical bncinBER.''— S ewiaifw Vourm 
" A VERITABLE POCKET COUPBNOIUM of Sanitary Engineering. ... A work which a>ay. 
many respema, be cenfidered as complete . , commbndably cautious . . . intbrbSTIi 

. . . SUCCBSTIVB."— 
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Second Edition, /n Large 8t>o. Handaome Oloth. JBeavi\fiiUy 
niuatrat^d. With Plates and Figures in the Text. iBls. net. 

HOAD lAlIIG AHD IIIHTEIIIIOE: 

A Practical Treatise for Engineers, Surveyors, and Others. 

With an Histobioal Sketch of Ancient and Modern Pbaotice. 


By THOS. AITKEN, Assoc.M.Inst.O.E., 

Hember of the ABBOointion of Muutcipal and Oounty Enffiueeni; Member of the Sanitary 
luat.; Surveyor to the Oounty Oounoil of Fife Cupar Division. 

WITH NUMEROUS PLATES, DIAGRAMS, AND lUUSTRATIONS. 


Contents. — Historical Sketch. — Resistance of Traction. — Laying out 
Sew Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Haulage. — Road* 
foiling and Scarifying. — The Construction of New, and the Maintenanoe 
>f existing Roads. ^Carriage Ways and Foot Ways. 


"The Literary style is KCBti.BNT. . , . A compmhmsivb and sxCBtMM M<^em Btwk. m 
iF-To-DATB work. . . . Bhould be on the reference shelf of every Munici]^ and Conntf 
Snstneer or Surveyor in the United Kinsdom, and of every Colonial EnKltteer.''-rk< Surveyor. 


In Nandsomt Cloth. Fully Illustrated. 10s. Qd, net. 

irUSTI.<E:SS ROADS. 


TAR MACADAM. 

By J. walker SMITH, 

Borouffh KnKiucer and Miwter of Works, Edinbnrgli. 


Co.NTSNTH.— Necessity for Improved and Standard Hoad Construction,— Tar.— Stan^rdlsatloii 
sf Matrix.- A wrregat^i for Macadam - Different Modes of ProiMulDR and Laying;— Mechanical 
liixiug.— Effects of Wear, Density, Porosity, Dlslrlbnlion of Wefaht.— Scavonglng ; Watering and 
Maintenance. — Camber : Oitidiont, NolselesHness, Hygienic Advantages. — Rouing. — Tractive 
Bffoi-t.— Statistics -Tar Spraying on (Jrdluary Macadam Surfaces.— Appr.ndickb.—Ikdix. 


hi Demy Svo. Handsome Cloth. With Many Tables. 

THE THEORY AND RRACTIOE OP 

ElllELLIRC OE IBOl AID STEEL. 

By JULIUS GR&KWALD, 

Tecliiiicfl] Chemist and Works' .Manager. ^ 

CoNTBUms.— Introdnctlou.— The Raw Materials —The Mixing. Dissolving, and Appli* 
cation of £..ainel. -Heating and Pickling Ooods in the Rourrh.— Correct laying on.— 
Baking Bnamelled Warq,- mooration of Enamelled Objects.— Pboto-Ceramlcs in thoir 
Application to Enamels.— General and Statistical Chapter.— The History of Enamels 
and their Uses.— Index. 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. .SOs, net. 

A TREATISE ON • 

COLOUR MANUFACTURE. 

A Guide to the Pp^aration, Examination, and Application of all thi 
Pigment Colours in Practical Use. , 

By GEORGE ZEIIR and Dr. IL RUBENCAMP. 
Authoriskd English Translation bv Dr. C. MAYER, of Burgdorf. 

■ ' This comprehensive iswMt . . . useful anti Interestius.”— 0 « and Colour Trat\ 
JourTuu, 


Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6 < 

PAIXTEKS’ COLOIISS, OHS, AND TAMISMS 

A PRAOTXOAIi mANUAL. 

By GEORGE H. HURST, F.C.S. 

General Contents.— Introductory— The Composition, Manufactui 
Assay, and Analysis of Pigments, White, Red, Yellow and Orange, Gre< 
Blue, Brown, and Black— Lakes — Colour and Paint Machinery— Paint Vehic 
(Oils, Turpentine, &c., &c. )— Driers— Varnishes. 

*' A THOROUGHLY PRACTICAL book. . . . Satiitactorily treats of the manufacture 
oils, colours, and piRments .’*— Traded youmai 


In Crown 8 vo. handsome Cloth. With Illustrations. 55.^ 

THE PAINTER’S LABORATORY GUIDI 

A Student's Handbook of Paints, Colours, and Varnishes. 

By GEORGE H. HURST, F.C.S. 

Abstract op Contbnts. — Preparation of Pigment Colours. — Chemical Princip 
Invdved.— Oils and Varnishes.— Properties of Oils and Varnishes.— Tests and Expenmen 
-«Plant8, Methods, and Machinery of the Paint and Varnish Manufactures. 

**This excellent handbook, ... the model of what a handbook should be."— Oi 
Cobursy and DrytalUrits. 

Third EnmoN, Beviaed. In Crown 8vo. extra. With Htunerons Illasti 
tiona and Flatea (aome in Coloura), including Original Deaigna. 12a. 6d. 

Painting and Decorating: 

A Complete FracUcal Manual for Home 
Fainters and Decorators, 

By WALTER JOHN PEARCE, 

I.KOnTXER AT THB KAHOBBStU TKOBnOAL BOHOOL FOR BOUUeHPAnranO AVP DBOOXATIKO 

" A^THOROUOHLY useful book . . . GOOD, BOUND, FBAOTIOAL INFC 
NATION in a CLEAR and oonoise form.”— P/umher and Dacoralor. 

** A thoroughly good and reliable text-book. ... So full a 
ootfFUm that it would be difficult to imaaine how anything furUmr oould 
added about the Painter'a craft Putiderr J oumed. 
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CHEMISTRY AND TECHNOLOGY, 


8i 


Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. 1 6s. net. 

THE tIHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemical and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Substitutes. 
Including the Outlines of a Theory on Vulcanisation. 

By carl otto WEBER, Ph.D. 

Replete with scientific and aho with technical interest. . . . The section on physical 
properties is a cor^lete of every thing known on the mhlcct. "—Imiia-rHBberJcitmai, 


In Handsome Cloth. Fully Illustrated. 

THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 
Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

Chemist to Messrs. J. (i. 1n(>kam & Son, London. 

General Contents.- -Raw Material and its Preparation.— Vulcanisation.— Rubber 
Mixings. — Manufacture of Soft Rubber Goods.— hlnipifacture of Hard Rubber Goods. 
— Regeneration of Waste Rubber. — Speufic Gnivity of Rubber Goods. — Index. 

In Large Crown 8vo. Fully Illustrated. 5s. net. 

OEIi^JLTINK, 

AND THEIR AUiIRD PRODUCTS, 

Ik .4 Practical Handbook for the Manufacturer, Agriculturist, and Student of Technology. 

» % By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents.— Historical.— Glue.— -Gelatine.— Size and Isinglass.— Treatment ol Efflu- 
ents produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &c.— Uses 
of Glue and Gelatine.— Residual Products.— Analysis of Raw and Finished Products.— 
Appendix.— Inobx. * 

"A sufficient account of modern methods of working, chiefly from a practical standpoint. 
A book ... of real value."— CAeiwsCrt/ Netvs. 


In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 

rsfilLTHESR •rRADEB’ CHESUXBTRY. 

A Practical Manual on the Analysis of Materials and Finished Products. 

By S. R. TROTMAN, M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association < 
of Leather Trades' Chemists. , 

Synopsis of Contents.— Standard SoliitioDs.—Acids, Alkalies, &c.— Water.— Depilation 
and Deliming.— Fleshings, &c.— Glue.— Spent liquors,— Mineral and Vegetable Tanalng 
Agents.— Oiu.— Soaps.— Varnishes.— Skin.— Leather. — Dyestuffs.— Degreasing Agents,— 
Effluents. -Glossary.— Index. 

‘‘ Mr. Trotman has admirably succeeded in his aim. . . . Practically every section 
the leather trade chcmlstr>' is gone into.'’~/.>eather Trades' Review. 


In Large 8vo. Handsome Cloth. With Flate.s and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OP IRK. 

A Handttjok of the Production and Properties of Printing, Writing, and Copying Inke. 
By C. a. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

* 'Thoroughly well arranged . . . and of a genuinely practical order."— 
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VBSXVIK^ES XSf DlTBrTRZEaB. 

Second Edition, Thoroughly Revised Throughmt. In T 400 Large 
I olumes. Handsome Cloth. 

A MANUAL OP DYEING s 

fOR TH£ USE OF PRACTICAL DYERS, UANUFACTURERS, STUDEHT8, 
AHD ALL INTERESTED IN THE ART OF DYEINS. 

BY 

B. KNECHT, Ph.D.. F.LC., CHR. RAWSON, F.LC., F.C.S., 

HmA o( ita* Obamlrtry aud UyeiiiB De|Mrtui«ut ol L»to HtMd of the Ohemlitry euil Dyeing DepexteMt 

the Teehttleel Bohool, Henoheetar: Kditor of “The of the Teohnlcel OoUege, Bntdford : Member 
fennel of the Boolety of Dyem end Ookmrleii • ” OennoU of the Boolety of Dyere end Colonrletst 

And RICHARD LOEWENTHAL, Ph.D. 

General Contents. — Chemical Technolof^y of the Textile FabricH— 
Water — Washing and Bleaching — Acids, Alkalies, Mordants •— Natural 
Colouring Matters — Artificial Organic Colouring Matters— Mineral Colour* 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matter* 
Analysis and Valuation of Materials used in Dyeing, Ac., Ac. 

This sathoiitatiTe and exhauet^ve work . . . the host cumplktx we have yet se«t< 
am tbe.sabjeot"— JVrft/F Uminfaeiurer 


In Large 8vo, Handsome Cloth, Pp, i-xv + 405. 16a. net, 

THE SYNTHETIC DYESTUFFS. 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 
By JOHN CANNELL CAIN, D.Sc. (Manchester and TUbingb^,* 
Technical Oliemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), P.R,S., 
Lecturer on Colouring Mutters In the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analsrtlcal. 

We have no hesitation In descrihiug this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic Chemistry 
generally. —CAmieof Irade Journal. 

OoUf^panion Volume to KneeM Rawann's “ Dyeing.'* In Large 8vo, 
Handsome Cloth, Library Style. 16a. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formulas, Properties, and Applloatlons of the oarioua subataneea deaerlbed, 
and concise directions for their Oommcrolal Valuation, 
and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, P.I.O., F.C.S., 

Oonsulting Chemist to the Debar Indigo Planters’ Assooletlou ; Co-Anthor of “ A Manual 
of Dyeing;” 

WALTER M. GARDNER, F.O.S., 

Head oitbe Department of Chemistry and Dyeing, Bradford MunioiMl ^bukal OoUege; 

^ Kditor of the “ Joum. 80c. Dyers end Oolourtots ; 

Aud W. F. LAYOOOK, Ph.D., F.O.S., 

Analytical and Consulting Chemist. 

Turn fo the book as one may on any subject, or any substance in oonneotion with the 
. mtda, and a referenee Is snre to be found The Authors have apparently left nothing ool 

. lONOON: CHARLES GRIFFIN f CO., LIMITEn. EXHER STREET. STRAND. 


THE TEXTILE INDUSTRIES, 
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In Crown 8vo. Cloth. With Numerous Illustrations. 6s. net. 

THE COTTON WEAVERS’ HANDBOOK. 

A Practical Qulde to the Construction and Coating of Cotton Fabrics, 
with Studies In Design. 

By henry B. HEYLIN, 

Of the Boyal Technical Institntc, Salford. 

OoNTKNTs*— Weaving.— Designing.— WeaveB.—Tlie Power Loom and ite AoceBsoriea. - 
(Lnalysing or Dlaseotlon of the Oloth.— Olotb Quoting or Coating.— Division of theOotton 
Indu try In Englanil.— Yams for Manufacturing PurposoR.— The Selection of Vl'arp Yams 
atid Yarn Testing.— Bead and Ueald Counting and Oalcnlations.— Important Labour 
Units in a Weaving Mill.— Miscellany. '-Illustrations of Machinery.— Examination Ques- 
tions.— I hdkx. 

“ Mr. Hoylln’s text-book is a very reliable one. It Is dilllonlt to murk out any special 
points among bd much excellent lUHtter."— Dyerond Calico Printer. 

Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 
16 b. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE. TO’V, it RAMIE). 

A Practical Manual of the moat Modern Methods ab applied to the Hackling, Carding 
Preparing^ Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Belfast and Lille. 

OBNlRAL Contents.— Long Vegetable Fibres of Commerce.— Else and Growth of 
the Spinning Industry.— Eaw Fibre Markets.— Purchasing Eaw Material.— Storing and 
Preliminary Operations.— Hackling.— Sorting.— Preparing.— Tow Carding and Minng.— 
Tow Combing.— Gill Spinning.— The Roving Frame.— Dry and Demi-sec Spinning.— Wet 
•Spinning.— Spinning Waste.— Yarn Reeling.— Manufacture of Threads, Twines, and 
Uesis.-^pe Making.— The Mechanical Department.— Modern Mill Construction. - 
ateam and Water Power.— Power Transmission. 

** Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. ... We must highly commend the work as repre- 
senting up-to-dato practice.’— Wafwre. 

In Large 8vo, Handsome Cloth, with Numerous Illustrations, * 9«. net. 

TEXTILE FIBRES OF COMMERCE- 

A HANDBOOK OF 

The Occuppenee, Distpibutlon, Ppeparation, and IndustPlal Uses of the 
Animal, Vegetable, and Mlnepal Ppoduets used in Spinning and Weaving 

Br WILLIAM 1. HANNAN, , 

Lecturer on Botany at the Ashton Municipal Teohnfoal School, Lecturer on Cotton 
Spinning at the Oborley Soienoe and Art School, fto. 

“ Dsxvui. Infobkatiok. . . . Awubablk Iti.PSTiATioNs. . . ."—TeKtite Stcordir. 

In Large 8vo, with Illustrations and Printed Patterns. Price aia 

TSXTIIjE' priktiko 

A FBACTIOAli MANUAL. 

InclEdiog the Prooeiiai Used in the Firintins ot 
OOTTON, WOOLLEN, SILK, and E^LB 
SILK PABEIOS. 

By 0. F. 8EYMOUE ROTHWELL, F.C.S., 

Mem. Sot. of Chem. M.; krte Lecturer at the Music, Tech. School. Maaeheeter. 

'* Br TAB Tsi BMT attd MOST PSAOnoAL BOOK ott TBXTiui nuDmio wfaloh has Mt be 
broug ht out, and will long remain the aiaadard work on the Bubleot**— iffcxtffe Merem 
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Large 8vo. Handsome Cloth. 12b. 6d. ^ 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students an*d 
Practical Men. 

Bt GEORGE. DUERR, 

CHreetor of the JijleMhiiig, Dyeing, and Printing Department at the Accri^m and Bacup 
Technical Schooli : Chemist and Oolouriat at the Irweli Print Works. 

Assisted by WILLIAM TURNBULL 

<of Tiimbull ft StodldaI^ Limited). 

With Ulustrationa and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS.— Cotto^ Composition of; Blbachino, New 
Prooeases; PiuNTiKa, Hand-Block; Tlat-Fress Work; Machine Printing— 
Mobdantb— Styles op CALicD-PiiiNTtNa : The Dyed or Madder StyK Beast 
Padded Style, Discharge and Extract Style, Chromed or Raised Colonrs, 
Insoluble Colours, Ac. — lliickeners — Natum Organic Colouring Matters. 
—Tannin Matters — Oils, Soaps, Solvents— Organic Acids—Salts— Ming||il‘ 
Colours— Cold Tar Colours— Ityeing— Water, Srftening of— Theory of Colours 
—Weights and Measures, Ac. 

When s BBSPT WAT out of A dUBculty ii wanted, it Is is books iixi this that It is found.”- 
TmtSU BtMrdtr. 

“Mr, Dnui’s woax will he found host DSirPib . . . The Information given Is of oisaf 
VAi;oa . . . The Recipes aro THoaouoaiT PKAOTiOAL,"— IVfltfile Jiran«/uliir«r. 


In H^dsome Cloth. With Jd Illustrations. 5s. net. 

DYEING AND CLEANING. 

By FRANK J. FARRELL, M.Sc., <fec. 

General Contents.— Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning.— Dyeing.— Dry Dyeing. — Special Methods, 
Cleaning ^nd Dyeing Skin Rugs, Feathers, and Hats.— Finishing. — 
Appendices. —Index. 

“A timely and valuable contribution . . , well got up in every way.”— Dyer end 
[JaKoo Printfr. 
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